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F O R E W O R D  

Volumes I and I I ,  ER 7777, Data Compilation and Evaluation of Space Shielding 
Roblems, comprise a technical summary report of the study performed for Contract 
NAS 8-1 1164 under the direction of the George C. Marshall Space Flight Center, 
NASA, Huntsville, Alabama. Special acknowledgement is due the technical con- 
tract monitor, Martin 0. Burrell of the Research Projects Division, who suggested 
the charged particle range approximation and the radiation transport method. Mr. 
Burrell also furnished solar flare and other data. J. C. Whiten, Large Vehicle 
and Propulsion Engineering, forwarded data o n  vehicle configurations and mission 
trajectories. Frank T. Bly, Lockheed-Georgia Company, made several important 
contributions to the design of the Geometry program and the approximation of 
range data. C. C. Douglass, Lockheed-Georgia Company, performed the initial 
programming of the Geometry program and the Geometry Test program. Mr. 
Douglass also developed DIP, the Data Input Program, which condenses and sim- 
plifies data preparation for  several of the computer codes described herein. 
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shall apply unless the letter U appears i n  the coding box. 

This data i s  furnished under a United States Government 
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FOREWORD 

Volumes I and II, ER 7777, Data Compilation and Eva1uat.m of  Space Shielding 
Problems, comprise a technical summary report of  the study performed for Contract 
NAS 8-1 1164 under the direction of  the George C. Marshall Space Flight Center, 
NASA, Huntsville, Alabama. Special acknowledgement i s  due the technical con- 
tract monitor, Martin 0. Burrell o f  the Research Projects Division, who suggested 
the charged particle range approximation and the radiation transport method. Mr . 
Burrell also furnished solar flare and other data. J. C. Whiten, Large Vehicle 
and Propulsion Engineering, forwarded data on vehicle configurations and mission 
trajectories. Frank T. Bly, Lockheed-Georgia Company, made several important 
contributions to the design of  the Geometry program and the approximation of 
range data. C. C Douglass, Lockheed-Georgia Company, performed the in i t ia l  
programming of the Geometry program and the Geometry Test program. Mr. 
Douglass also developed DIP, the Data Input Program, which condenses and sim- 
plifies data preparation for several of the computer codes described herein. 
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1 . O  INTRODUCTION 

Volume I I  o f  this report describes a computer program system which pmvides an es- 

timate o f  proton and alpha particle dose within realistic space vehicle configura- 

tions. An application of the pmgram system i s  presented for several interplanetary 

missions. Program descriptions, operating instructions, and test cases are given. 

Section 2 contains the results of  proton dose calculations for three vehicular con- 

figurations. Two o f  the configurations are interplanetary vehicles containing seven 

man models; the third i s  an eight man command module. The sources for the inter- 

planetary missions are composite proton spectra representing solar flare activity dur- 

ing the 1954-64 solar cycle. Dose i s  calculated at eleven positions in the inter- 

planetary configurations and ten positions in the command module. The effects o f  

equipment shielding and body self-shielding are illustrated. 

Sections 3, 4, and 5 contain descriptions and operating instructions for the Geom- 

etry program, the Geometry Test program, and the Dose program. The Geometry 

program manipulates geometric data and computes penetration thicknesses. A vari- 

ety of configurations and material arrangements may be analyzed. The Geometry 

Test program scans the input geometric data for character and format errors, checks 

for certain logical inconsistencies, and plots, off-line, selected cross sections of  

the geometric representation i n  order that a visual inspection of  the geometric con- 

figuration may be made. The Dose pmgram combines radiation source data and 

geometric data and computes the dose at the specified detector points. The trans- 

port method treats multilayered shields and approximates the secondary contribu- 

tions to the dose. 

Section 6 describes the Mission Flux Code. The Mission Flux Code i s  similar to a 

previous Lockheed code except that fluxes are interpolated in B-L coordinates. 

The program integrates trapped belt proton f lux in twelve energy groups and electron 
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flux in  eight energy groups over a trajectory. The trajectory may be input directly, 

or, in  the case of orbital missions, may be computed automatically from orbital 

parameters. 

Appendix A.l  describes the data format for the Data Input Program (DIP) which i s  

utilized by several of  the programs detailed i n  this report. Appendix A.2 contains 

test case input data and output listings for each program, 



I *  

2.0 MISSION DOSE C A L C U L A T I O N S  

This section presents the results o f  dose calculations using the Dose program, Sec- 

tion 5, in coniunction with the Geometry program, Section 3. Doses inside and 

outside two configurations of  interplanetary vehicle are exhibited in Section 2.3. 

The doses are computed at eleven detector points associated with each vehicle. 

The radiation sources represent proton spectra due to solar flare activity during the 

mission. Three launch dates were employed for each vehicle: October 9, 1977, 

December 26, 1981, and April 16, 1986. These six launches are al l  missions to 

the planet Mars with durations of more than a year. 

A seventh mission was analyzed i n  which the hydrogen tank of  the "wet" configura- 

tion, Section 2.1, was full during the outbound voyage and empty during the in- 

bound. Further calculations were executed with the interplanetary vehicle config- 

urations w i th  a representative flare as a radiation source. The representative flare 

was also used as a proton source with a command module configuration. In this 

study, the shield thickness, amount of inboard equipment, and number of man mod- 

els was varied and the dose at ten detector locations calculated. 

The Geometry program was employed only three times for the calculations present- 

ed i n  this section: once for each of the interplanetary vehicle configurations and 

once for the command module configuration. The computer time required to pro- 

duce the three geometry tapes for the 32 detector positions i s  approximately 40 

minutes. The computer time required by the Dose code to produce the 181 dose 

calculations presented in section 2.3 i s  approximately 40 minutes. 

2.1 GEOMETRIC CONFIGURATIONS 

Three geometric configurations are employed for the dose calculations obtained 

from the Dose code. These configurations are two interplanetary vehicle concepts 
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and a command rnoriul'e coricept. 

as the "wet" and "dry" configurations. The wet configuration, Figure 2-1, has a 

command module and most of  the equipment module inserted in a 30 foot diameter 

liquid hydrogen tank. Below the hydrogen tank and attached to the veh ic le  stem 

are four mission modules. Inserted in  the base of the vehic e stem i s  an Earth re- 

entry module. The hydrogen tank has a multi-layered wall consisting of 2.5 lbs/ 

f t  A I .  meteroid bumper, .5 Ibs/ft super insulation, 2.5 bs/ft AI.  meteoroid 

bumper, and .15 inch A I .  skin. The tank i s  f i l led with Iic Jid hydrogen at a den- 
3 

sity of 4.37 Ibs/ft . The command module and the equipment module are surround- 

ed by a multi-layered pressure shell consisting of . l  inch A I  ., .5 Ibs/ft super in- 

sulation, and .1  inch A I .  

The two interplanet~ry vehicle: =re referred tc, 

2 2 2 

2 

The command module has two sections, a duty station and a rest area, separated by 

a polyethylene floor 3 inches thick. The floor has an opening permitting passage 

between the two areas. The duty station contains three man models seated at an 

instrument console and two storage lockers. The rest area contains four polyeth- 

ylene bunks, 2 inches thick, and one supine man model in  one of the bunks. The 

floor of  the rest area i s  two layers of water and polyethylene with a polyethylene 

plug in  the center to permit passage to and from the  equipment module tunnel. The 

command module fits inside the pressure shel l  and i s  a cylinder with an inside di- 

ameter of 104.8 inches. 

Directly beneath the command module i s  a cylindrical equipment module. The 

equipment module has a four foot diameter tunnel through the center. The tunnel 

i s  surrounded by equipment boxes with an average density of 25 Ibs/ft . A stand- 

ing man model has been placed approximately in the middle o f  the tunnel. 

3 

The next section of the vehic le stem contains a void 8 fee t  in length. The four 

mission modules are attached to this section of  the stem. Each mission module has 

multi-layered walls consisting of 1 Ib/ft A I .  meteoroid bumper, .2 Ibs/ft super 
2 2 

4 
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FIGURE 2-1 VERTICAL CROSS SECTION THROUGH WET CONFIGURATION 
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2 
insuiation, i ib/’ft A i  metheosoid bumper, and .15 inch A I  e skin. The material 

contained in the mission modules has a density of  10 Ibs/ft . 3 

At the base of the vehicle stem i s  a cylindrical section of  water four fee t  long ter- 

minating i n  a flared aluminum skirt. The Earth reentry module i s  attached at this 

section 

mechanism, off-axis ablative heat shield, and a seated man model. In addition 

to the man models inside the vehicle and reentry module, a man model, i n  a sirn- 

ulated space suit, Figure 2-2, i s  outside i n  the vicinity of  the hydrogen tank. 

This module consists of multi-layered walls, equipment bays, docking 

The dry configuration, Figure 2-3, i s  similar to the wet configuration except that 

the hydrogen tank has been removed, the pressure shell has been removed, the com- 

mand module has been surrounded by a 7.6 inch polyethylene shield, and the mod- 

ules have been rearranged. The man models are i n  the same locations with respect 

to the module with which each i s  associated; the man model outside i s  placed in 

the vicinity of one o f  the mission modules. 

The command module configuration, Figure 2-4, used for studies with the repre- 

sentative flare i s  similar to the command module in  the dry configuration. This 

command module, however, contains eight man models with two detectors in  each 

of  four of the models and one detector in each of  two man models. There are three 

man models seated at the instrument console in  the duty station, four supine man 

models in the bunks i n  the rest area, and one man model standing in  the passage- 

way between the duty station and the rest area. 

The man models are composed of  homogeneous tissue. The models are constructed 

in  two attitudes, standing and sitting. 

prone and supine positions. A cross section of the standing man model in  a simu- 

lated space suit i s  shown in  Figure 2-2. A drawing of the seated man model i s  

shown in Figure 2-5. 

The standing model is also used for the 
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FIGURE 2-5 SEATED MAN MODEL CONFIGURATION 



2.2 PROTON SOURCE SPECTRA 

Four isotropic proton source spectra are employed in  this study. One of  the sources 

i s  a representative solar flare, and three are composite sources simulating the solar 

flare activi ty throughout the duration of the missions. The representative flare 

source i s  obtained from Reference 1. The proton flux, differential i n  rigidity, i s  

given by equation 2-1. 

7 Protons - 4.516 x 10 x exp (-p/80) 
dP 

dP cm -MV- ster. 

- -  

The composite sources are obtained from a computer program provided by Marshall 

Space Flight Center, NASA, Huntsville, Alabama, and modified for the purposes 

of  this study. A basic assumption o f  this program i s  that succeeding eleven year 

solar cycles w i l l  have the same flare magnitude and distribution as the period Jan- 

uary 1954 to December 1964. Further, proton fluxes due to each flare are distri- 

buted uniformly over the calendar year i n  which that flare occurred. The proton 

flux for the mission i s  given by 

3 

where r = radius of  the Earth's orbit 
th e 

r. = sun-vehicle distance during the i day of  the mission 

P. = proton flux during the ith day o f  the mission 
I 

I 

The proton flux spectra representing the solar flare activity integrated over mission 

time are compiled in Table 2-1. Cosmic ray sources and trapped radiation sources 

are not included. 



E(MeV) 

10 
30 
80 

150 
300 
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700 

1000 

TABLE 2-1 MISSION FLUX SPECTRA* 

October 9, 1977 

3.0459+ 7** 
3.3550+ 6 
4.7361 + 5 
1.5349+ 5 
3.4156+ 4 
1.2384+ 4 
6.3506+ 3 
3.1293+ 3 

Launch Dates 

December 26, 1981 

4.5309+ 8 
1.6166+ 7 
8.7997+ 5 
1 .3930+ 5 
1.8505+ 4 
4.2091+ 3 
1.5909+ 3 
5.6817+ 2 

April 16, 1986 

2.4544+ 5 
5.2484+ 3 
1.6949+ 2 

1.6597+ 0 
1.8777+ 1 

2.7769- 1 
8.5528- 2 
2.4544- 2 

P 
MeV-cm2 ster 

* Flux units are 

** The sign and digit following each number represents the power of  ten multiply- 
ing that number. 

2.3 DOSE CALCULATION 

The dose estimates presented here result from applying the Dose program to the con- 

figurations of Section 2.1 and the sources of Section 2.2. The detectors located 

in man models are placed in the right eye socket and approximately in the center 

of the abdomen for both the sitting and standing positions. One detector i s  locat- 

ed in the center o f  a mission module for both the wet and dry configurations. 

Table 2-2 illustrates doses within the eight man command module of  Figure 2-4 due 

to the solar f lare given in  Equation 2-1. Here, the effect of changing the outer 

shield from 7.6 inches to 1 .O inches of polyethylene i s  shown. The first row gives 

doses with only the shield taken into account; i .e., the densities of equipment and 

man models are set to zero. The second row represents dose estimates with only man 

model densities set to zero. The third row represents doses for the entire configura- 

tion. For this flare spectrum, the presence of equipment and body self-shielding 

lowers dose by a factor of 2 to 2.5 for eye detectors and lowers dose by a factor of 

12 



u) R 

- 0 .  0. 
o m  * 
. .  
c 

L 

m 
d N 

d R  c 
( v 0 .  

. .  
c 

a 3 0  0 
0 0 0  (v 

( v . -  0 
. .  

c 0. . .  
h a 3  00 
00. * 
c 

00 3 %  (v . .  9 -4- . .  
c 

N 

u ) u )  N 
9 -  

c . .  
'-c r' I 

Y 
E 
0 

In 
C 
0 

Q, 

c 
9 - . .  0 0 0  * 

0 -  N 
m a  c 
. .  a 3 9  N 

0 . -  d 0 

% I 
v 

Q 
X 
W 

0 

X 
u) 
R 
9 

Ir) 

a3 
c 

h O  0 
0 0  (v 

( v -  0 
I .  

ie 019 * m  
c c  0 
. .  0 9  9 

h 
. .  

s z  d 

R 
u) m . .  

d u )  c 
0 . 0 .  
c 

h - h n i  
0 0 0 0  

u) * . .  
c ) m  0 o m  m 
N 

. .  t u -  c 

c 
C 

E +  .a 3 
$ 2  - u +  

2 225 
C + + w  

w w '5 
2 rrr 
v) l n W  

x - 
0' 
73 

W 
I: 
v) 

- .- 
h c 

13 



10 for gut detectors inside 7.6 inches of polyethylene shielding. The correspond- 

ing factors for the thin shield are 2 to 7 and 80 to 100. 

Table 2-3 presents dose estimates within the wet and dry configurations for the same 

flare. The effect of emptying the liquid hydrogen tank i s  illustrated. 

Table 2-4 shows the estimated doses for the wet configuration over three Mars mis- 

sions. No credit i s  taken for biological recovery. The sources of Table 2-1 are 

used. The vehicle orbits Mars for twenty days during each mission. The proton 

fluxes are reduced by one half during this period due to planetary screening.. The 

1977, 1981, and 1986 mission trajectories approach the sun within .4864, .5245, 

and .6502 astronomical units respectively during the return to earth. The 1986 

mission exhibits low doses because i t  occurs at the minimum of the solar activity 

cycle e 

Table 2-5 shows the estimated doses for the dry configuration over three Mars mis- 

sions. Conditions are identical to those of  Table 2-4 except for the vehicle con- 

figuration e 

Table 2-6 depicts the estimated doses in  the wet configuration for the 1977 mission. 

In this case, the liquid hydrogen tank i s  ful l  during the outbound trajectory and 

empty during the inbound trajectory. In Table 2-4, the liquid hydrogen tank i s  

ful l  during the entire mission. 



C 
0 

C 
0 

0 
0 
0 
-J 

.- 
c 

L e 
0 
W c : 

h ruol  N -  m h  ru -  
9 h  - *  
(Ym .ru * -  co 

0 8  u) 8 2  
d o  00 m o  -0 cvm 0 

. .  r u .  0 .  
8 2  . .  

t ;s:  E 
m. 4 0  00 (vm 0 

hol 0. -  m o l  N 9  -a c o 9  coco com h r u  a 9  -00 h c v  . .  9 .  co- ruo 
. .  

m a ,  m a  * a  N m  - 
mru coco u)h -0 0 

-0 * o  00 b -  h r u  
00 00 ruo 00 rum 0 

. .  h a  . .  . .  8 5  . .  

- c o  0 5 %  mcb m o l  
-0 00 h r u  00 
s i  h m  a000 . .  . .  ti* . .  . .  
00 00 N O  00 rum 0 

C 

5 
3 

C 

E 
5 t 

t 

E 
5 
3 

* 
Y 
C 
U 

I- 
C 
W 
0) 

-0 x 
I 
U 

E! 

c 
* * 
W 
3 
U 
- 

9 
S 
0 .- 
In In .- z 
t 

0 
0 
W 

.- 
L 

c 

c : 

15 

n 
0 

% I 
Y 

Q 
X 
0) 

X 

0 
co 

II 

c 



cu 
c 

co 
0. 
c 

9' cv 
L 
W 

-D 

W 
V 

E 

: 

C 
0 

0 

.- 
c 

v 
0 A 
L 

c 0 
V 
P) c 

0" 

. .  C O .  
- c  -00 d 

W - 
9 
C 

8 
c 

- 
W 
S 
C 
3 
I- 

9 
c 
C n  
P ) c  

W 

C w w  .- 

cn 
C 

Y 
.- 
O h  
3 5  
W E  

C 

E 
3 
E 
V 

v) x 
O 
U 

8 * 
I 
C 
2 
c 

L 
0 
3 
U 

0 
0 

I 
3 

- 
c - 

v) x 
0 
-0 

8 e 
I 
C 
0 

O 
3 
-0 

0 

0 
I- 

I 
N 

,- 
-I- 

L 

- 
c 

v) L 
W > 
P) 
V 

.- 
2 
W 
3 
v) v) 

c 
.- 
E 
0 

16 

1 



Z 
0 - 
c 
h 
ai 
3 

C 
0 

0 
0 
0 4 

.- 
c 

L 

2 
0 
W 
c 

0" 

hh h 

- - d  -d 

C O O .  h 
0- -4- 
--o. Tt 

I I  I 
Y W  w 

. .  

8 2  coo. 
N -  
. .  . .  . .  N .  

m -  h c v  CON 

u 

C C C 

E" 
3 3 3 

2 E 2 
V U V 

z E" 

W 

3 
-0 

- 

9 
S 
0 .- 
In In .- z 
c 
0 

S 
0 
E 
3 
E u 

* * 
9) 

3 
-0 

- 

s 
5 

t 
0 .- 
In In 

t 

0 
0 
W 

.- 
L 

c 

c 

0" 

In x 
0 
73 * * 
-d 

I 
5 
0 

O 
3 

-0 

0 
0 I- 
I 
c3 

.- 
.I- 

L 

- 
c 

In x 
U 

-0 
9 m * 

17 



c 
h 

Z 
0 

9 
I 
hl 
w 
1 
m 
5 

- 
0 
0 
I- 

c 

@ 

3 

C 
0 

U 
V 
0 

-J 

.- 
c 

L e 

n 

V 
al 
al 
c 

-9 
0.0 

coo 
. .  
c -  

h0. oh( 0 
9 m  h l m  h 0 . m  'a -m mu) 0 .  . .  h l -  - 

Y 
C 
3 

m 

al 
3 
71 

- 
al - 
V 
L 
.- 
3 
x 
L 

h 

C 

s 
c 
C 
al 

Q 
E 

C 

E 
3 
E 
V 

c 
0 
0) 
C 

C 

E 
3 
E v 

* * 
al 
3 
TJ 

- 

3 
C 
0 .- 
VI VI .- z 

e 
C .- 
L 

V 
al 
al 
c 

0 

VI x 
0 
-0 z 
N 
I 
C 
0 

0 
3 
71 
U 
C 
3 
0 
t 

.- 
c 

L 

n .- .. 
VI xr; 

z 0.- 

O h  
- 0 0 .  
03- 

I L  

I *  - *  * 

18 



3.0  GEOMETRY PROGRAM 

The purpose of the Geometry Program i s  to discover the shielding afforded a detec- 

tor by a configuration of materials. To realize this purpose, a set of volume ele- 

ments, representing the configuration, i s  constructed, and a set of vectors associ- 

ated wi th  each detector i s  generated. The volume elements are constructed and 

the vectors are generated automatically by  the Geometry Program from input data. 

Each volume element i s  defined by i t s  material composition, density, and bounding 

surfaces. Four types of volume element boundaries may be used: 

planar surfaces 

ellipsoidal surfaces 

ell iptic cylindrical surfaces 

ell iptic conical surfaces 

The coefficients for the algebraic representation of the planar and quadric surfaces 

are calculated by the Geometry Program. Data for these surfaces consists of a few 

points, lengths, and ratios that may be obtained from engineering drawings. A 

planar surface i s  determined by the coordinates o f  three non-collinear points; each 

of the quadric surfaces i s  determined by three points and at most three parameters. 

The Geometry Program derives the quadric surface coefficients in a coordinate sys- 

tem in which the algebraic expression for the surface has a canonical form. The 

program then obtains the transformation necessary to compute the surface coeffi- 

cients in the coordinate system common to the entire configuration. A maximum of 

twenty-five surfaces, each with unrestricted orientation, may be used to bound a 

volume element. Each volume element requires, in addition to the bounding sur- 

face data, the number of planar surfaces, the number of quadric surfaces, a mate- 

r ia l  number, the density, and the coordinates of an internal point. 

In order io reduce the amount of data required to specify a set o f  volume elements, 
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a feature called "embedding" i s  employed. Embedding permits volume elements to 

be located partially, or completely within other volume elements. If two or more 

volume elements compete for a common region of space, dominance i s  assigned by 

the order of  data input. The number of  volume elements which may compete for a 

common region of  space i s  presently restricted to twenty-five. 

A vector array associated with each dose point (detector) i s  generated. A solid an- 

gle i s  determined for each vector o f  the array. This solid angle i s  less than an in- 

put criterion. The solid angle criteria may be varied over the configuration to 

give added importance to selected regions. The number o f  vectors assigned to each 

detector may be arbitrarily increased by decreasing the solid angle criteria. The 

location of each detector and the total number o f  detectors are unrestricted. 

The segments o f  each vector which l i e  within volume elements are found and ar- 

ranged in  order from detector outward. The data defining detector location, vec- 

tor direction, solid angle, and material penetrations are stored in binary form on 

magnetic tape for use by the Dose Code. 

3.1 REPRESENTATION OF GEOMETRIC CONFIGURATION 

A geometric configuration consists of  a set o f  volume elements. Each volume ele-  

ment i s  defined by i t s  bounding surfaces, material number, density, and the coor- 

dinates at any point internal to the volume element. A volume element must be 

completely enclosed by the surfaces defining i t .  Each surface divides all space in- 

to two regions; a l l  internal points of a volume element must be in  the same region 

with respect to each surface associated with that volume element. 

There are certain combinations of  surfaces for which points outside the desired vol- 

ume element satisfy the above conditions. For example, Figure 3-1 exhibits a re- 

gion, (a), which i s  inside the cylinder and outside both spheres. However, regions 
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(b) are also inside the cylinder and outside both spheres. If only region (a) i s  the 

volume element desired, then planes i and ii must be included as bounding surfaces. 

Note that a volume element need not be  a connected region. 

must be taken to define the desired volume element and only that volume element. 

Cones are particularly hazardous i n  this respect because both nappes comprise the 

surface 

In general, care 

B =  

The Geometry Program in i t ia l ly  calculates coefficients for equations which describe 

bounding surfaces of the volume elements. The data required for plane surfaces are 

the coordinates o f  three non-collinear points in the plane. The data required for 

quadric surfaces are the coordinates of three points (the first two on the axis of the 

quadric and the third on the surface and on the major or minor axis of  the ell iptic 

cross-section), an integer indicating the type of quadric, the length(s) of the semi- 

axis (axes) not associated with the third point, and, in  the case of  cones, the tan- 

gent of the cone half-angle i n  the plane defined by the axis and the third point. 

x1 = 1  

x2 1 z2 

x3 z3 

Using the coordinates of the three non-collinear points (x., y.! 2.) i n  the plane, 

the equation for the plane i s  obtained. 
I l l  

A =  

A B C D + - z  = - - x +  s 3 y  s S 

y1 

y2 z2 

y3 z3 

1 

where 



'I 
I 

D = x  

x1 y1 z1 

2 2 z2 

x3 y3 z3 

y 

and 

S=[A2 + B2 + C 2 11'2 

The coefficients of  x, y, and z i n  Equation 3-1 are the direction 

normal to the plane. The signs of the coefficients are chosen 50 that the normal i s  

directed away from the internal points of the volume element. 

cosines of the 

The coefficients o f  a quadric surface, 

are determined by the coordinates of three special points, P , P2, and P and two 

or three parameters, illustrated in Figures 3-2, 3-3, and 3-4. The equation o f  the 
1 3' 

quadric surface i s  first acquired in a coordinate system in which the equation has 

the form: 

2 2 2 
A*x + B*y + C*z = D* 

S S S (3-2) 

This coordinate system wi l l  be referred to as the canonical system. 

The first two points must be on the axis of the surface i n  the case of  the cylinder 

and the cone; i n  the case o f  the ellipsoid, these two points may be on any axis. 

These two points are used to define the z-axis of the coordinate system in  which 
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S 

X V / 
and z are the vehicle system coordinate axes; xs, y,, and z are the co- 

ordinate axes of the canonical system associated with the surface. a, b, and c are 

the semi-axes of the quadric. 

v' Yv' V S 
X 

FIGURE 3-2 ELLIPSOIDAL SURFACE 
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I -Axis of Cy1 inde 

X J 
V 

z 
V 

z / 
S 

V 
* Y  

r 

y3' z3) 

and z are co- 
S v' YV, V 

and z are coordinate axes of the canonical system; x XS' YsI  

ordinate axes of the vehicle system. Here, the line segment a i s  the semi-major 

axis of the elliptic cross-section and b the semi-minor axis. 

FIGURE 3-3 ELLIPTIC CYLINDRICAL SURFACE 
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and z are the CO- 
V I  Y"I  V sf Y S I  S 

and z are the vehicle system coordinate axes; x X 

ordinate axes o f  the canonical system associated with the surface. a and b are the 

semi-axes of  the quadric. 

FIGURE 3-4 ELLIPTIC CONICAL SURFACE 

26 



I I- 

t 

the  equation of the  surface has the form 3-2. The direction cosines of this axis in 

the vehicle coordinate system are: 

and  

L 

The third input point is on the major (or minor) axis of the ellipse generated by the 

intersection of the quadric surface and the  plane perpendicular to the line deter- 

mined by the first two points; furthermore, the third point is o n  the quadric surface. 

This point determines the x-axis of the canonical system. The direction cosines of  

this axis in the vehicle  system are determined in the following manner. 

The coordinates of the point of intersection (x 

and the plane perpendicular to it  and through the third point are given by: 

y , z ) of the canonical z-axis 4 4 4  

= x2 + P cos dl 

y2 + P * cos p 

= z2 + P cos y 

x4 2 

y4 = 

=4 z 

where 

Z 
p = (x3 -x2) cos a! + (y3 -y*)cos p + (z3 -22) cos Y 

Z 
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and i s  the distance from the point (x Y z to the point (x4, y4! z4). 2 2 2  

T 2 =  

The direction cosines of  the canonical system x-axis are: 

x1 ' z1 

x3 ' 23 

x2 1 z2 

1 1/2f 

'I l? 
cos fl = (y3 -y4)/ [(x3 -4) + (Y3 -y4) + (23 -24) 

cosy  = (z3 -2 4 I/ [(x3-x4) 2 + (Yg-Yq) 2 + (23 -z 4 )'I 'I2. 

cos a! = (x3 -x4)/ (x3 -x4) 2 + (Y3 -y4) 2 + (23 -4) 

2 2 

X [ 
X 

X 

The direction cosines of the y-axis o f  the canonical system are the direction cosines 

of the normal to the plane through the three points (x 1' Y1'  Z1)' (9' y y  z2)1 and 

T1 = 

y1 z1 

y2 22 

y3 23 

T3 = 

1 

1 

1 

x1 y1 

x2 y 2  

x3 y 3  
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cos &I = T1/ [ T;+ 
Y 

cos @ = 
Y 

cosy  = T3/ 
Y 

In order to guarantee that the vehicle coordinate and the canonical coordinate sys- 

tems have the same "handedness", the determinant of the rotation matrix, R, i s  

tested. 

If the determinant of R i s  negative, the "handedness" of the two systems i s  opposite; 

the proper "handedness" i s  assured by changing the signs o f  the canonical system 

y-axis direction cosines. 

For the ellipsoid, the origin of  the canonical system i s  the point (x , y , z ), and 

the canonical coefficients are: 
4 4 4  

B* = l / b 2  

2 C* = 1/c 

D* = 1 

where b, the second input parameter, i s  the length of  the semi-axis associated 
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d 

with the canonical y-axis (y ), 

c, 

wi th the canonical z-axis ( z  ) *  (See Figure 3-2) 

and 
S 

the third input parameter, i s  the length o f  the semi-axis associated 

S 

For the cylinder, the origin of  the canonical system i s  the point (x I y , z ) and 

the canonical coefficients are: 
4 4 4  

B* = 1/b2 

c* = 0 

D* = 1 

(See Figure 3-3) 

z ) of  the canonical system i s  at the vertex of  
O I  yo, 0 

For the cone, the origin (x 

the cone, 

x =  x4 + Kcos aZ 

= y4 + Kcosf lZ 

+ Kcos y z  

0 

YO 

0 = z4 

where K = [(x3 -x4) 2 + (y3 -y4) 2 + (z3 -z )* ] 'l2/M 

M i s  the tangent of the cone half angle associated with the third input point, 

(x3/ y3, z3), and i s  equal to a/d. (See Figure 3-4) 

The canonical coefficients of the cone are: 

1. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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B* = l/b2 

2 C* = -1/K 

D* = 0 

The transformation from the vehicle system to the canonical system w i l l  be, in gen- 

eral, a translation followed by a rotation. This transformation i s  given by: 

(3- 3) 

and z are the coordinate values in the vehicle system; and xo, y , and 

z are the coordinates of  the canonical system origin in terms o f  the vehicle sys- 

tem. 

vf Yvr V 0 
X 

0 

Substituting Equations 3-3 i n  Equation 3-4 

leads to the coefficients of  the quadric surface in the vehicle coordinate system. 

2 2 2 C = A* cos y + B* cos y + C* COS y 
X Y Z 

 COS^ + B* COSQ! *  COS^ + C*  COS^  COS^^) 
X Y Y Z 

D = 2 *  ( A * *  COS@ 
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E = 2 (A* * cos@ COSY + B* COS@ COSY + C* COS@ cosyz) 
X X Y Y Z 

F = 2 (A* cosg cosy + B* * cosg * cosy + C* cos8 cosyz) 
X X Y Y Z 

* D + z ~ * E + ~ ~ x  0 * A )  
(YO 

G = -  

H = - (x0 - D +  z * F + 2 * y  ' B )  
0 0 

E +  yo * F +  2 ' 2  *C) 
(xO 0 

p = -  

2 2 
Q = A *  x t Boy:+ C * z  + D * x  + E * x  - Z  + F*y; z o - D *  

0 0 0 yo 0 0  

The signs of  the coefficients are determined so that an internal point, (x, y, z), of 

the volume wil l  cause the expression 

2 2 Ax t By + Cz2 + Dxy + Exz + Fyz + G x  + Hy + Pz + Q 

to be positive, 

The parameters required for generating surface coefficients do not necessarily have 

to be obtained i n  the vehic le coordinate system. These parameters may be obtain- 

ed in any convenient coordinate system and then moved to the vehic le coordinate 

system with a user-specified transformation. The transformation operates on the 

three points defining each surface and on the internal point for the volume element. 

It continues to move volume elements until a new transformation is input or a signal 

i s  given to ignore the transformation (see NTRNS, Section 3.5). 

The transformation from the convenient coordinate system to the vehicle coordinate 

system consists o f  a rotation plus a translation. This transformation may be con- 

structed i n  the followi,ig manner. 
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I 
1 
I 

T =  Y 

1 1  1 
Let X , Y , and Z denote the coordinate axesof the convenient system. In the 
vehicle coordinate system, the direction cosines of the X 1 -axis are (Y 1, /3 1, and 

YX’ 

X X 1 1 - and similarly for the Y and Z coordinate axes. Having determined the 

direction cosines, the rotation matrix, R, may be written: 

R =  

axl a! 1 o! 1 Y z 

(3-5) 

The translation vector, T, i s  given by the vehicle system coordinates, (X, Y, Z), of 

the origin of  the convenient coordinate system. 

The complete transformation i s  given by: 

V 
X 

Y 
V 

V 
I Z 

X 1 + T  

(3-6) 

(3- 7) 

vf yvf 
where the point (Xc, Yc, Zc) in the convenient system i s  transformed to (X 

Z ) in ihe vehicle system. 
V 

The elements o f  the rotation matrix, R, i n  Equation 3-5 correspond to the entries 

in  the data array, ARY, l is ted i n  Section 3.5. 
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ARY(1) = Q X 1 

ARY(2) = Q Y 1 

ARY(3) = Q! Z 1 

ARY(4) = p.1 
O O " . . . . . *  

ARY(9) = y z l  

The elements of the translation vector T, Equation 3-6, correspond to the data 

names TX, TY, and TZ respectively, listed in Section 3.5. 

The boundaries of a volume element may be defined in two ways, directly or indi- 

rectly. The direct way defines a l l  surfaces that are boundaries of the volume ele- 

ment. The indirect way, termed "embedding", employs the boundaries of  previous- 

ly defined volume elements. The embedding feature i s  illustrated i n  Figure 3-5. 

The first example exhibits complete embedding where a volume element i s  enclosed 

by another. The second example shows partial embedding where a partial overlap 

takes place. In both examples i t  i s  necessary to specify only the outside surfaces 

o f  each volume element plus internal points, densities, and material numbers. A 

maximum of 25 volume elements may compete for a spatial region. Dominance i s  

assigned by order o f  data input: each volume element takes precedence over a l l  

volume elements which follow in the data deck. 

In some instances the embedding eature significantly reduces data preparation time 

and machine time. For example, the four triple-walled mission modules described 

in Section 2.1 require 48 volume elements and 148 surfaces without embedding. 

Using the embedding feature, only 16 volume elements and 32 surfaces are neces- 

sary. A further advantage i s  that components may be added to an already existing 

configuration without changing previous data. 
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3.2 VECTOR GENERATION 

The geometric configuration i s  scanned by the Geometry Program i n  the following 

way. An axially symmetric figure is generated by rotating line segments about the 

z-axis. A rotated line segment generates a truncated conical or cylindrical shel l .  

Each shell i s  approximated by six equal planar facets. A portion of  this polyhedral 

envelope i s  illustrated in Figure 3-6, I t  i s  determined by an input data set consist- 

ing of  z-coordinate values, z., and radius values, r. (ZZ and RR i n  Section 3.5). 

The coordinates of  the vertices of the facets of the polyhedral envelope are obtain- 

ed from the relations 

I I 

m 7 l  = r. cos- 3 X 
m, i I 

. m 7 (  r. sin - - - 
Ym, i 1 3 

Z. - - Z 
m, i I 

m = 1,2, . 6  

m = 1,2, . . 6  

m = 1,2, . .6 
(3-8) 

If an r. i s  zero, the associated facets are triangular with (0, 0, z.) as a common 

vertex for the six triangles whose remaining vertices are determined by (3-8) with 

i equal to i + 1 or i - 1. However, reentrant surfaces are not permitted on the 

polyhedral envelope; therefore, only the first and/or the last r. may have zero val- 

ue. If r. and r. 

I I 

I 

are not zero, the associated facets are trapezoidal 
I I +  1 

Each facet i s  subdivided into regions until the solid angle subtended by each region 

at a detector i s  less than the input solid angle criterion for that facet. This feature 

permits critical shield areas to be examined closely. 

Facets are divided into triangular and trapezoidal regions. 

operating time, the approximate solid angle associated with a region i s  computed 

and compared to the criterion. The approximate solid angle is: 

In order to reduce code 
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FIGURE 3-6 POLYHEDRAL ENVELOPE 
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where A = area o f  the region, 

0 = angle between the vector and the normal to the facet, and 

r = distance between the detector and the centroid of the region. 

When the approximate solid angle i s  less than the solid angle criterion, the exact 

solid angle i s  computed, by projecting the region onto the unit sphere, and com- 

pared to the criterion. Further division may occur i f  the criterion i s  exceeded. 

A vector array associated with each detector i s  then generated. Each vector joins 

the detector to the centroid of a region. The direction cosines of the vector, p , 

from the detector are computed using the coordinates of the centroid (x c f  Y c I  ZC) 

and the coordinates o f  thz detector (x , y , z ). d d d  

L -I 

A different polyhedral envelope may be generated for each detector. The solid an- 

gle criteria (SAC of Section 3.5) may also be changed for each detector. It should 

be  noted that the polyhedral envelope i s  used to generate the vector array; i t  need 

have no relationship with the geometric configuration. 

3.3 PENET!?P.T!ON LENGTHS 

Having generated a vector, those segments of  the vector which l i e  inside volume 

elements are calculated. Each vector associated with a detector i s  processed until 

the entire polyhedral envelope has been scanned. This procedure i s  continued for 
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al l  detectors. 

The distance, p,  from a detector (x , y , z ) IO any surface i n  the direction of d d d  
the vector may be obtained by substituting Equations 3-9 into the expression for 

the surface and solving for p. 

x. = Xd + p COS@ 

= yd + p cosg 

I P 

P 

P 
- + p * cosy z. - Zd 

I 

(3-9) 

The point (xi, yi, 2.) i s  on the surface and, therefore, the expression w i l l  be zero 

for that point. 
I 

For the plane, 

D - A  9 x d  - B  y d - C  
zd 

= A c o w  t B - cos6 + C cosy 
P P P 

provided the denominator i s  not zero; i n  this case, the vector i s  parallel to or i n  

the plane. For the purposes of  this pmgram, this condition i s  regarded as no inter- 

cept with the plane surface. 

The calculation of the distance to intercept on a quadric surface i s  considerably 

more tedious. 

- U _ + [ " 2 - 4 * V . W  1 "2 
2 -  v P =  
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where 

2 2 2 
V = A C O S Q  + B  COS^ + C * C O S Y  + D . COSQ e 

P P P P 
 COS^ + E * COSQ COSY + F  COS^ * COSY 

P P P P P 

W =  A x:+ B y:+ C .  z:+ D .  X d .  yd + E *  Xd ' Zd + 

If V i s  zero, which may be  the case in  certain circumstances with the cone, then 

p = -w/u 

For each vector, a table o f  real non-negative P I S  i s  computed. Because the detec- 

tor may be inside the volume element, the detector i s  taken to be the first intercept, 

that is, p1 = 0. Having obtained a table of  P I S  for a given vector, the table i s  

ordered by increasing magnitude 

The mid-points (x-, Y-, z-) between consecutive pairs of p a s  are calculated using 

Equations 3- 10. 
1 1 1  1 1 1  I l l  I 
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The distance from the mid-point to each of the planes associated with the volume 

element in  the direction of  the normal to the plane i s  computed by Equation 3-1 1 .  

m I  - B -  - y m - c i  d. = D. - A. x 
m I I  I 

If any d. i s  negative, the midpoint i s  not inside the volume element. If a l l  d.'s are 

non-negative, the relationship of the mid-point wi th  al l  quadric surfaces associated 

with the volume element i s  investigated b y  substituting the coordinates of the mid- 

point into Equation 3-12. 

I I 

= A. x 2 +  Bi ym 2 + C. z2+ D. xm ym + E . * x  * Z  + qi I m  I m  I I m m  

+ P. zm + Q. F i  Ym 4 z  m + G * x  i m  + H i * Y m  I I 
(3- 12) 

If any q. i s  negative, the mid-point i s  not inside the volume element. If a l l  q.'s 

are non-negative, the mid-point i s  inside the volume element. A mid-point inside 

a volume element implies that the segment of the vector between the two intercepts 

defining the mid-point i s  also inside the volume element. The length of the seg- 

ment i s  p. - p.. Al l  mid-points generated by the p-table are processed, ob- 

taining al l  non-zero length segments of the vector which l i e  inside the volume ele- 

ment. After all volume elements have been processed for a given vector, the seg- 

ments are ordered by distance from the detector point. 

I I 

I + '  I 

3.4 GEOMETRY PROGRAM LIMITATIONS 

Many of the working parameters are packed sequentially into tables or loaded into 

a single word to conserve core storage. The number of volume elements i s  l imited 

to 1000 by the dimensions on NX, the number of  planar surfaces bounding volume 
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elements; NXQ, the number of quadric surfaces; and MVX, the material number. 

These 3000 values are compressed into 1000 storage locations labeled NSUR ( I  ) 

Machine time i s  increased less than one percent by packing and unpacking these 

parameters. The number of volume elements permitted may be further restricted by 

available surface coefficient storage 

these coefficients which are stored in one data array. The restriction is: 

Sixteen thousand locations are reserved for 

4 P +  10 Q S  16,000 

where P i s  the total number of planes in  the configuration and 

Q i s  the total number of quadric surfaces. The maximum number o f  sur- 

faces which may directly bound a volume element i s  25. 

The maximum number of surfaces bounding a volume element may be indirectly in- 

creased w i t h  embedding. 

25 volume elements. 

No region of space may be included within more than 

In connection with vector generation from a detector to the facets of the polyhedral 

envelope, the maximum number o f  facets i s  120. Therefore, a maximum of 120 sol- 

i d  angle criteria (SAC) and 21 Z-coordinate values (ZZ) defining the polyhedron 

may be specified., Each facet may be subdivided automatically i f  the solid angle 

criterion i s  exceeded. 

The maximum number of vectors which may be associated with a detector exceeds 

49,152 for a twelve-faceted polyhedron and exceeds 491,520 for a one hundred 

L L f L - - l  . - - l . . I - - _ I - - . -  T L -  -,..:-..- --.. L, --.-..:-I-.--kl*, I -V - . -P  -I,-,,-I:,, 
I W a l l l y - l U L ~ l e U  JNIY I ICUIU I Ie  Ill(; lllUAllllUlll l l luy U G  L . V l I J I U ~ 1 U Y I ~  l w l ~ ~ l ,  UG~GllUll ly 

on the manner i n  which facets are subdivided, The number of detectors associated 

with a configuration i s  unlimited. The only restriction on detector location i s  that 

i t  be within i t s  polyhedral envelope; otherwise, less than 4 pi steradians w i l l  be 

examined. The solid angle examined by the vector array i s  equal to the solid angle 
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subtended by the polyhedral envelope from the detector. No straight line should 

penetrate the polyhedron i n  more than two points; i.e., no reentrant boundaries. 

The maximum number of penetration thicknesses which may be computed for a sin- 

gle vector i s  50. 

3.5 GEOMETRY PROGRAM DATA INPUT PREPARATION 

In the following, the column headed "FORMAT" gives the DIP format control under 

which this data i s  to be read, the column headed "NAME" gives the name of  the 

data array, the column headed "DIMENSION" indicates the n u d e r  of words avail- 

able in fast storage for the named array, and the column headed "DEFINITION" i s  

a description of the named data array. 

The name card for the fo lbwing data set must be: 

N18, NX, NXQ, MVX, RHX, XXI, YYI, ZZI, XX, YX, ZX, KQ, RA, PR, ARY, 

TX, TY, TZ, NTRNS 

(See description o f  the DIP program - Appendix A. 1 .) 

FORMAT NAME DIMENSION DEFINITION 

4 NX (1 1 The number of planar surfaces bounding the 

volume element. 

4 N X Q  (1)  The number of quadric surfaces bounding the 

volume element. 

4 MVX (1 )  Material number assigned to the volume ele- 

ment. A value of zero indicates the last 
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FORMAT NAME DIMENSION DEFINITION 

4 MVX ( 1 )  volume element has been processed and con- 

trol passes to the vector generation section 

of the program. 

(Con tin ued) 

3 RH X 

xx I 

YYI 

ZZI 

xx 

YY 

zz 

"Density" associated with the volume ele- 

ment. This  value may also involve conver- 

sion factors as well as density. For example, 

i f  the linear unit of the input data i s  the 

inch, then RHX i s  density (gm/cm ) times 

2.54 (cm/inch) to convert penetration thick- 

nesses to gm/cm 

3 

2 

(1) 3 The coordinates of a point which l ies within 

the volume element. 
( 1 )  

This point MUST NOT l i e  on any of  the sur- 

( 1 )  J faces that bound the volume element. 

The coordinates of three SPECIAL points. 

Each set of  three points define a bounding 

surface of  the volume element (the quadric 

surfaces require some additional parameters). 

The points defining the planar surfaces of  the 

volume element MUST be input BEFORE the 

(3/25) 

(3/25) 

(3,251 

points defining the quadric surfaces of  the 

volume element. 

needed to define the various surfaces are as 

follows: 

The set of three points 

planar surface - three non-collinear points 



FORMAT NAME DIMENSION 

4 KQ 

DEFINITION 

planar surface (continued) 

in the planar surface. 

ellipsoidal surface - the first two points 

must be on a semi-axis (or i t s  extension), 

and the third point must be on another 

semi-axis AND the surface. 

el l ipt ic cylindrical surface - the f i r s t  two 

points must be on the axis of the cylinder, 

and the third point must be on a semi- 

axis of an ellipse of cross-section AND 

on the surface. 

el l ipt ic conical surface - the first two 

points must be on the axis of the cone 

(the direction from P to P must indicate 

the direction of the nappe o f  interest, 

here direction of the nappe i s  assumed to 

point toward the vertex), the third point 

must be on a semi-axis of the ellipse of 

cross-section and on the surface. 

1 2  

(25) A parameter associated with each type o f  

quadric surface: 

1 - ellipsoidal surface, 

2 - el l ipt ic cylindrical surface, 

3 - el l ipt ic conical surface. 
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FORMAT NAME DIMENSION DEFl NlTlO N 

3 RA (25) A parameter associated with each quadric 

surface. The length o f  a semi-axis of the 

ellipse of  cross-section (must not be the 

semi-axis associated with the third point or 

the first two i n  the case of an ellipsoid). 

3 PR (25) A parameter associated with e l  lipsoids and 

cones: 

ellipsoid, the length of the semi-axis 

associated with the first two points, 

cone, the tangent o f  the cone half-angle 

determined by the semi-axis associated 

with the third point. 

4 NTRNS ( 1 )  A transformation signal: 

C_ 0, no transformation to be performed 

on the volume element; 

> 0, a transformation w i l l  be performed 

on the volume element. 

3 ARY (9) The matrix elements of  the rotation desired 

for the volume element. (See Equation 3-5) 

The vector elements o f  the translation desir- 

ed for the volume element. (See Equation 

3-6) 

3 TX 

3 TY 

3 TZ 
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Control must be returned to the main program following the data defining each vol- 

ume element. 

The above data names refer to the volume elements and their associated surfaces. 

It i s  this data that determines the geometric configuration. 

The following data names refer to vector generation, detector location, and some 

miscellaneous information. These data follow volume element data in the input 

deck. 

The name card for the following data set must be: 

N12, NZ, ZZ, RR, XD, YD, ZD, ND, N2, DHED, MD, BIN, SAC 

(See description of the DIP program - Appendix A. 1 .) 

FORMAT NAME DIMENSION 

3 NZ (1  1 

3 zz (21 1 

DEFl NlTlO N 

The number of l ine segments to be used in 

generating the polyhedral envelope. (See 

Section 3.2) 

The Z-coordinate values that define the l ine 

segments. There should be (NZ+ 1) values 

of  ZZ. (See Section 3.2) 

The radius values (distance from Z-axis) that 

define the l ine segments. The first and last 

RR values must be zero e The total number 

of RR values must equal (NZ+ 1). (See Sec- 

tion 3.2) 
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FORMAT NAME DIMENSION DEFINITION 

The coordinates of  the detector location in  
3 XD 

3 YD 

3 ZD the geometric configuration. 
(1)  J 

4 ND ( 1  1 A processing signal: 

c 0, processing o f  the configuration 

and detector locations i s  to be ended. 

An end-of-file i s  written on the geometry 

tape. 

1 0, process the current detector loca- 

tion. 

4 N2 

5 DHED 

4 MD 

The geometry tape assignment; that is, the 

logical number of the tape unit upon which 

the geometry output data (for the Dose Code ) 

i s  to be written. 

Heading information associated with the cur- 

rent detector. This information w i l l  be put 

on the geometry tape for use by theDose 

Code. 

48 

The detector material number associated with 

the current detector. 

used i n  the dose code to determine the para- 

meters needed to calculate the stopping 

power 

_. 
lhis number w i l l  be 



FORMAT 

5 

3 

NAME 

B I N  

SAC 

DIMENSION DEFINITION 

(1 1 Hollerith information indicating the storage 

location of  the geometry data tape (written 

on N2) that w i l l  be used by the dose code. 

(1) The solid angle criteria associated with the 

detector currently under consideration. 

There are 6 times NZ criteria for each de- 

tector; that is, there i s  a solid angle criteri- 

on associated with the detector for each fac- 

e t  of  the polyhedron. 

Control must be returned to the main program following each set of  detector data. 

Sample input data are listed in Appendix A.2. 

3.6 GEOMETRY PROGRAM OUTPUT 

The Geometry Program generates two sets of  output; a BCD tape for off-line listing 

and a binary tape for use by the Dose Program. The BCD output consists o f  some 

general information regarding the geometric configuration and the detectors. The 

total number of volume elements i s  given. For each detector, Hollerith identifica- 

tion, detector number, number of vectors, total solid angle, detector material num- 

ber, and detector coordinates are given. A table labeled MATERIAL NUMBERS 

AND DENSITIES contains these parameters for each volume element. The last l ine 

indicates the user-specified storage bin o f  the binary output tape. 

The binary output tape contains a data block for the detector, followed by a data 

block for each vector associated with that detector. The sequence i s  repeated for 

each detector 
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The detector block contains detector coordinates, detector material number, and 

Hollerith identification. The vector data block contains vector solid angle, direc- 

tion cosines, the number of  penetration thicknesses, the penetration thickness table 

(50 entries), and the material number table associated with the penetration thick- 

nesses (50 entries). After a l l  vectors associated with a detector have been treated, 

a final vector data block i s  written w i t h  the number of  penetration thicknesses set 

to minus one. This flag signals the DoseCode to proceed to the next detector. 

When the last detector has been processed, an "end-of-file" i s  written on the tape. 
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4 .0  GEOMETRY T E S T  PROGRAM 

The purpose of the Geometry Test Program i s  to provide assistance in determining 

the val idity of the geometric input data. This test proceeds in two phases. First, 

the input data i s  checked for format, acceptable characters, and inconsistencies. 

Second, cross sectional plots are generated to provide visual confirmation of the 

configuration. This test program i s  essentially the Geometry Program wi th  different 

output. 

4.1 INPUT DATA CHECK 

The Geometry Test Program processes the same data used by the Geometry Program 

to generate the configuration. Errors in format and improper characters are detect- 

ed during data input. If an error i s  detected, processing does not cease; the re- 

maining data are scanned by the DIP input program for any additional errors. The 

images of a l l  cards which DIP interprets as containing errors are printed off-line 

and processing stops. If a listed card contains no error, a preceding card, listed 

or unlisted, contains the error which caused this card image to be printed. 

A logical inconsistency arises i f  the internal p i n t  i s  on the surface of a volume 

element. In this event, a number indicating the sequential location o f  the volume 

element data in the data set i s  printed with an appropriate comment. An error in 

data defining a surface may result in this type of error indication. The tenth such 

error halts processing immediately. One to nine such errors causes processing to 

cease after a l l  volume elements have been generated. 

4.2 CONFIGURATION CHECK 

Barring any previous errors, the test program produces off-line cross sectional plots 

specified by the user. The particular region plotted i s  determined b y  three points 

which l ie  on corners of a parallelogram. The test program generates a set o f  parallel 
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vectors in this parallelogram. The direction and magnitude o f  these vectors are 

determined by the first two points. The extent of the vector set i s  determined by 

the first and third points. The coordinates o f  these three points are input values 

specified by the user. The segments of  each vector which l i e  within volume ele-  

ments are determined by the same method used i n  the Geometry Program. A unique 

character i s  assigned to each volume element encountered. Volume elements with 

zero density are not assigned characters. 

A table of character assignments associated with a plot i s  printed when the plot has 

been completed., In the event that the character assignment capacity i s  exceeded - 
43 characters are available - the plotting i s  interrupted and the character assign- 

ment table i s  printed. The plotting process resumes with the last vector treated 

and the characters are reassigned. 

and 4-2. 

Sample output plots are shown i n  Figures 4-1 

4.3 GEOMETRY TEST PROGRAM DATA INPUT PREPARATION 

The Geometry Test Program i s  designed to test the data input to the Geometry Pro- 

gram in  order to verify that the data has been properly prepared and that the con- 

figuration desired has actually been generated. Therefore, a l l  data input to the 

Geometry Program which i s  required to define the volume elements that constitute 

the geometric configuration i s  also data input to the Geometry Test Program. The 

data input to the Geometry Program that refer to vector generation, detector loca- 

tion, and some miscellaneous information i s  NOT input to the Geometry Test Pro- 

gram. 

The Geometry Test Program requires some additional information to determine the 

cross-sectional plots the user desires to make of  the configuration The following 

describes this additional data 
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The name card for the following data set which follows volume element data, must 

be: 

N11, XX, YX, ZX, NH, NV, KIND, NTRNS, ARY, TX, TY, TZ 

(See description of  the DIP Program - Appendix A. 1 . 

FORMAT NAME 

3 xx 
3 YX 

3 zx 

DIMENSION DEFl NlTlON 

The coordinates of three points which define 

the plane of cross-section and the extent of 

the cross-section. The f i r s t  two points in- 

put determine the "horizontal I' extent of the 

cross-section; that is, l ine segments parallel 

to a l ine through the f i rs t  two points w i l l  be 

printed across the page of printed output, 

and only those volume elements which are 

penetrated by these line segments w i l l  be 

indicated. The f i r s t  and third points deter- 

mine the extent of the parallel set of l ine 

segments. 

/* 

NOTE: If the three points do not l i e  on the corners o f  a rectangle, a shear distor- 

tion w i l l  result due to the mapping of a parallelogram onto a rectangle. 

4 NH (1)  The number of character spaces to be assign- 

ed to each parallel l ine segment. This must 

not have a value greater than 131. An NH 
with a zero or negative value terminates the 

computation. 
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FORMAT NAME DIMENSION 

4 NV (1 

DEFINITION 

The number of  parallel line segments to be 

generated between the first and third points. 

This must not have a value greater than 500. 

NOTE: A stretch distortion may be introduced i f  NV does not have the proper val- 

ue in  relation to N H  and the three points. However, i f  N V  i s  zero or 

negative the program wi l l  compute the proper value o f  N V  for a six-lines- 

per-inch printer. 

5 

4 

KIND (1 0) Hollerith information to identify the particu- 

lar cross-section of current interest. 

NTRNS ( 1  A transformation signal: 

5 0, no transformation to be performed 

on the cross-sectional plane; 

> 0, a transformation w i l l  be performed 

on the cross-sectional plane. 

3 ARY (9) The matrix elements of the rotation desired 

for the cross-sectional plane 

The vector elements of the translation desir- 
( l )  ( 1  1 3 TX 

3 TY 

3 TZ (,) J ed for the cross-sectional plane. 

Control must be returned to the program following data for each plot, Sample in- 

put data are listed in  Appendix A.2. 
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4.4 GEOMETRY TEST PROGRAM OUTPUT 

Format errors and improper characters in the input data cause the erroneous card or 

a following card to be printed with an error comment. An internal point on a sur- 

face and certain types of  surface data errors cause an error print identifying the 

volume element. Plots are printed with a heading specified by the user. A char- 

acter assignment table follows each plot. The first line repeats the heading iden- 

tifying the plot. The table l i s t s  characters assigned, material numbers, densities, 

and the sequential number of the volume element in the input data. The "density" 

values are the quantities RHX described i n  Section 3.5. 
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5 . 0  DOSE PROGRAM 

The Dose Program calculates primary proton and related secondary dose (or dose 

rate) a t  points i n  a geometric configuration. This program obtains the geometric 

data from a tape generated by the Geometry Program. The flux data, range para- 

meters for the materials involved, and other data applicable to the various materi- 

als i n  the configuration are input directly. Thus, the Geometry Program does not 

have to be rerun to study the effect of material changes, including changes in ma- 

terial density. Further, the Dose Program may calculate the dose (or dose rate) i n  

specified angular regions; these angular regions are determined by their polar and 

azimuthal bounds. 

The Dose Program approximates the appropriate proton spectrum, differential i n  en- 

ergy, with from one to one hundred power law representations over the energy 

range o f  interest. The source and geometric data are applied to an attenuation 

method suggested i n  a NASA Technical Memorandum by M. 0. Burrell . This 

suggestion allows treatment of multilayer shields of diverse materials by analytical 

techniques. 

1 

The validity o f  these techniques has been tested by comparing the results of the 

Dose Program to those of  the Lockheed Proton Penetration Code (LPPC) 

ical shell shield geometry for isotropic flux. Several spectra, materials, and mate- 

r ia l  combinations have been examined. Comparisons for aluminum, iron, and wa- 

ter are shown in  Figures 5 - 1  through 5-3. For various combinations of  aluminum, 

polyethylene, iron, and tissue, the Dose Program differed from LPPC by only two 

percent at most. The method appears to be satisfactory for shields less than 100 

grams per square centimeter thick; investigations of  thicker shields have not been 

conducted. Thin shield tests have been conducted to . O M  gms/cm of aluminum 

and reasonable values have resulted. 

pared extremely well with LPPC. 

2 
in spher- 

2 

Unshielded dose calculations have also com- 
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5.1 RADIATION TRANSPORT 

An expression of the physical dose or dose rate at a detector i s  given by Equation 

5-1. 

00 
N r 

I 
I 

I 
D. = K g- 0.. B(Xii,E) P(Xii, E) S.(E) dE 

i= l  ' I  I i 

Where D. 
I 

K 
n.. 

' I  
X.. 
'I 

B(Xii,E) = 

P(Xii, E) = 

S.(E) = 
I 

dose (rad) or dose rate at the ith detector 

flux -to-dose conversion factor 

ith solid angle of the ith detector 

penetration lengths (gm/cm ) through al l  materials in ith solid 

angle of the i detector 

correction factor to account for nuclear collision losses o f  

primary protons w i t h  energy E and the production and atten- 

uation of secondary radiations 

proton flux, differential in energy, arriving within the I 

solid angle of the i 
proton stopping power i n  the ith detector material 

2 

th 

.th 

th 
detector. 

Each o f  these factors are discussed in turn. The approximations required for com- 

putational purposes are illustrated and the transport equations used in the code are 

detailed. 

The basic dose unit i s  chosen to be the rad. A physical dose, D., i s  calculated 

rather than a biological dose because information on RBE for the radiations of  in- 

terest i s  rather sparse. The use of physical dose units also permits components oth- 

er than biological specimens to be treated, e.g., photographic emulsion and se.r.i- 

conductors. 

I 

63 



I 

The f l  ux-to-dose conversion factor, K, converts energy deposition in  the detector 

to dose units, For example, if the units of  stopping power are MeV-cm /gm and 

the units of  time-integrated proton flux are p/cm -MeV-ster, the value o f  K i s  

1.602 x 

dose rate may be computed in  terms of  rad/hr with K equal to 5.76 x 10 

sec/MeV-hr. 

2 

2 

2 
rad-gm/MeV. If proton flux i s  given as p/cm -sec-MeV-ster, the 

-5 
rad-gm- 

The quantity, hz.., represents an incremental solid angle about a vector emanating 
1 1  

from the detector. The vector possesses direction cosines 0,  6, and y .  The maxi- 

mum size o f  0.. i s  specified by input data to the Geometry Program. Generally, 
1 1  

a maximum of 0.2 steradians, generating approximately 100 incremental solid an- 

gles, has proved satisfactory. The number of increments was varied from 100 to 

1000 for several detectors in  the cases treated i n  Section 2. The variation i n  dose 

was less than four per cent except in  one instance where i t  reached seven per cent. 

The quantity X.. in Equation 5-1 represents shield penetration lengths along the 
1 1  

vector in  hl... The representation i s  symbolic. Actually, the code treats radiation 

transport through each layer in sequence in  a mu1 ti-material shield configuration, 

starting at the outside and going to the detector. 

I I  

The radiation transport method used i n  Equation 5-1 makes no explicit reference to 

the generation and attenuation of  secondary radiations, nor to the attenuation of 

primary protons due to nuclear collisions. To some extent the lack of  generating 

secondary nucleons Compensates the lack o f  attenuation of the primary protons by 

nuclear collisions which generate the secondaries. In order that the error resulting 

from this assumption may be corrected, a factor, B(X.., E), i s  included i n  Equation 

5-1. Initially, this correction function was taken to be unity in  the dose calcula- 

tion The resulting doses compared reasonably well with the detailed calculations 

o f  LPPC i n  identical shield configurations. For example, a number of  multilayer 

shields consisting of  aluminum, iron, polyethylene and tissue were analyzed 

[ I  

These 

8 
8 
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2 
shields totaled 20 gm/cm in thickness. The Dose Code results were low by 1 .O  to 

2.4 percent. Further studies were conducted for water, aluminum, and iron shields 
2 

ranging in thickness from zero to 100 gm/cm . The comparisons with LPPC data 

are shown in Figures 5-1, 5-2, and 5-3. 

The above comparisons show that the Dose Code results are generally lower than 
2 2 LPPC results by up to 10 percent at 50 gm/cm and up to. 20 percent at 100 gm/cm . 

The correction function, B, given in Equation 5-2 permits a better fit. 

M 

x.. = 
I Ik 

B(X..,E) = r’ exp(.005 X.. Ak/27) 
‘ 1  k = l  I lk 

th kth material thickness in ith solid angle for the i detector; 

(5- 2) 

Ak = material-dependent parameter (effective atomic weight). 

th 
In order to compute the proton flux, P(X 

the i 

trating a multilayer shield. The range i s  approximated by Equation 5-3. 

E), arriving at the i detector through ii’ th 
solid angle, i t  i s  necessary to consider the range relations for protons pene- 

where R(E) = proton range at energy E 

a, b, r = parameters 

(5- 3) 

Values of a, b, and r are presented in Volume I of this report for a variety of  ma- 

terials. 

2 
After penetrating a shield X gm/cm thick, corresponding to an energy loss (Eo-E,), 

the range equation becomes: 
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or 

R(Eo) = X + R(El) (5-4) 

ln(1 + 2bElr) (5- 5) 
a a - 
2b 0 

ln (1  + 2bE ') = X + '26 

r 
Solving Equation 5-5 for E : 

0 

r r 
E = A + BE, 
0 (5-6) 

Where B = exp(2bX/a) 

B -  1 
2b A =  

Equation 5-6 relates the exit energy to the incident energy for protons penetrating 

one material. 

The above treatment may be readily generalized to multilayer shields. Given two 

layers, X and X2, of different materials, the exit energies E and E are related 
1 1 2 

to the incident energy E by: 0 

r r 
= Al + B1 El E 

0 

r r 
= A2 + B2 E2 El 

Substituting Equation 5-8 into 4-7, 

E r = ,An1 + B1 A2 + B1 B2 L2 e r  
0 

or 
r r 

E = A ' +  B ' E 2  
0 

% 66 

I 

(5- 9) 

I 
I 
I 
I 
I 
I 
1 
I 
8 
1 
1 
8 
8 
1 
n 
1 
8 
1 
I 

I 



I -  
I 
8 
1 
8 
1 
8 
I 
8 
8 
I 
8 
8 
I 
1 
I 
t 
8 
I 

For M layers 

r r E = A ' +  B'EM 
0 

Where 8'  = B1 B 2 B 3 .  . . . BM, 

A' = AI + A2Bl + A B B + . . . . + AM B , B 2  . . BMel, and 
3 1 2  

It should be noted that the value of r i s  assumed to be material independent in the 

above treatment while a and b are material dependent. 

The proton flux penetrating the shield along the ith vector of the ith detector i s  

related to the incident flux by Equation 5-1  1. This equation presumes conservation 

of particles. Corrections due to nuclear interactions and secondaries are discussed 

above. 

P(X..,EM) dEM = P(0, E 0 0  ) dE (5-1 1) 
' I  

The exit energy, EM, as determined from Equation 5-10, must be non-negative. 

The incident flux over an energy interval, E, to El + 

law expression: 

i s  represented by a power 

(5- 1 2) 
-ql 

P(0, Eo) = H I  Eo , El I Eo' E, + 

One to one hundred intervals may be used over the entire energy range. 
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The differential o f  Equation 5-10 is: 

1 - r  

(5- 13) 

The flux at the detector i s  obtained by substituting Equations 5-10, 5-12, and 5- 

13 into 5-11. 

1 - q l  - r  

r 
P(X.., ' I  EM)dEM = HI B'EMr-l (A'  + B'EL) dEM 

with the restrictions 

1 
- A '  

E; = M a x  [ 0, ( E ' r B l  r] 
I 

r 
E;+ =Max  [ o, ( El + - A '  I;] 

The stopping power o f  the detector material i s  given by: 

(5- 1 4) 

(5- 1 5) 1 
1 
1 
1 
1 
I 
I 
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where, from Equation 5-3 

or 

1 + a i E r i  
r i  - 1 S. (E) = 

ai ri E I 

Here, the parameters a, b, and r are subscripted with the detector subscript, i, to 

indicate that energy i s  deposited in the detector material. Note that a single val- 

ue of r must be used for computing slowing through al l  shield materials but an opti- 

mum value may be used to compute energy deposition in the detector material to 

improve accuracy. 

Applying Equations 5-2, 5-14, 5-15, and 5 1 6  to 5-1, the dose at the i th detec- 

tor may be written as follows: 

For non-zero shield thickness, 

l - q , - r  

r - 1  (A' + B'E,,,, r ) r 
(1 + 2biEM ri) 

l l ( E r ,  E;+ 1) ai r i  EM r i -  1 dEM 
B '  
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The following change of variable transforms Equation 5-18 into a form involving in- 

complete beta functions. 

1 - r  
7 

r 

l + r  
dt - dEM r 

which leads to 

2 - ql - r i  

r 
where KO = (A') 

- 1 - r i - r  - 
r U 

ql + r i  - 2 

r 
- - V 
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l + r  
r 

U I  = -  

0, 1 - ATI + 

OL2 -r 1 
= Max [0, 1 - @ l  

L 4 

are specified by Equation 5-12. El and El + 1 

The incomplete beta function i s  evaluated by: 

for 0 

i t ive and l/2 < o! -= 1, 

<+ < 1 with v negative and for 0 < o! s 1/2 with v positive. If v i s  pos- 

Here,r(a, b, c, x) i s  the hypergeometric series. 

2 
+ .  . . (5-22) a(a + 1 )  b(b + 1 )  x 

c(c + 1) 21 
- a b  na, b, c, x) = 1 + - x + 

C 

The hypergeometric series i s  truncated at a point where the last term does not con- 

tribute to the eighth significant figure. 
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For zero thickness shields o r  for high energy protons pene 

tion 5-18 takes the following form. 

E* 

rating thin shields, Equa- 

(5-23) 

The code evaluates analytical solutions of this equation for all values of  the expo- 

nents. 

th The dose at the i detector i s  obtained by means o f  Equation 5-17, using 5-18 or 

5-23 as appropriate. The code has been tested for positive, zero, and negative 

power law spectra, and for shield thicknesses ranging from 0.004gm/cm to 100 

gm/cm plus zero shield thickness. 

2 

2 

5.2 SPECIAL FEATURES 

The Dose Code treats an unrestricted number of  detectors. The only limitation i s  

imposed by the number of  detector positions prepared by the Geometry Code which 

also treats an unrestricted number of detectors. The Dose Code may be  instructed 

to ignore some o f  the detectors on the geometry tape and to rewind the geometry 

tape in  order to process the detectors again, possibly with a different input spectrum. 

The detector dose calculations are performed vector by vector; therefore, the dose 

may be tallied into solid angle regions specified by the user. 

Ghnsmay be discrete, nested, or partially overlapped. This feature permits the 

user to check the relative importance of  shield sections and determine the e f fec t  o f  

streaming. 

The solid angle re- 

The Dose Code i s  designed to facilitate parametric studies. Material densities may 

72 

I 
1 
I 
I 
I 
I 
I 
8 
I 
I 
1 
8 
I 
1 
I 
1 
I 
I 
I 



I -  
I 
I 
1 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
~I 

be changed, even zeroed, wi th the "FF" values. This procedure effectively chang- 

es material penetration thicknesses. The range parameters associated with material 

numbers may be altered. These two features permit changes in shield materials and 

thicknesses without preparing a new geometry tape. In this context, the term 

"shield" refers to any set of volume elements in the configuration. These features, 

in conjunction wi th  the capability of changing the input spectrum and rewinding 

the geometry tape, permit extensive parametric investigations wi th one access to 

the computer. 

It should be noted that alpha range parameters may be substituted for proton range 

parameters. Hence, the Dose Code may be used to estimate dose due to alphas in- 

side relatively thin shields. Secondary processes must be investigated before reli- 

able estimates o f  dose due to alphas can be made for thick shields. 

5.3 DOSE PROGRAM DATA INPUT PREPARATION 

In the following, the column headed "FORMAT" gives the DIP format control under 

which this data i s  to be read, the column headed "NAME" gives the name of the 

data array, the column headed "DIMENSION" indicates the number of words a- 

vailable in fast storage for the named array, and the column headed "DEFINITION" 

i s  an attempt to describe the named data array. 

The NAME card for the following data set must be: 

N16, PHI, E, MAT, SA, SB, R1, HEAD, NPHI, NM, N2, ND, BIN, FDC, UNITS, 

FF, AT 

(See the description o f  the DIP program - Appendix A. 1 .) 

73 



FORMAT NAME DIMENSION DEFl NITION 

2 
3 PHI (1  00) Free f i e ld  proton flux (P/cm -MeV-ster.) 

3 E (1 00) Energies (MeV) associated with the tabulated 

proton flux (PHI) 

NOTE: PHI and E must be tabulated in  order of increasing energy. 

4 MAT ( 1  000) Material numbers (an identification number); 

these numbers MUST match the material num- 

bers (MVX) in the Geometry Program. The 

order o f  the MAT's i s  immaterial. This list 

should contain a material number only once 

for each material regardless of the number 

of  times the material appears in the geomet- 

r i c  configuration. The l i s t  should also in- 

clude the material number o f  each detector; 

however, i f  more than one detector i s  o f  the 

same material, the number need only be en- 

tered once. Detector material numbers MUST 

NOT be first i n  the l i s t .  

SA 

s0 

R 1  

' I  
I 
I 
1 
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(1 000) 

(1  000) tion: R(E) = 

(1  000) 

Parameters associated with the range equa- 

In ( 1  + 2bEr), SA= a, 
a 

SB = b, and R 1  = R. 

The number o f  each of the parameters must 

equal the number of  MAT's and must be or- 

dered to correspond to the materials in  the 

MAT l i s t .  A l l  the R 1  's must be equal, ex- 

cept those that refer to detector materials. 



FORMAT NAME DIMENSION 

(SA, SB, R1 - Continued) 

5 HEAD 

4 NPHl 

4 NM 

4 N2 

4 ND 

5 B I N  

3 FDC 

5 UNITS 

DEFINITION 

(See Volume I )  

Any set o f  alphanumeric and special charac- 

ter information to identify the particular case 

at hand. 

The number of  entries i n  the PHI-table. 

The number i f  entries i n  the MAT-table. 

The logical number of  the tape unit upon 

which the geometry tape i s  to be mounted. 

The number o f  detectors associated with this 

particular geometry tape. (If ND i s  zero, 

the program ends immediately with a memory 

dump; i f  ND i s  negative, the program ends 

with no dump. One of  these methods should 

be used to cease the calculations.) 

Hot lerith information indicating the storage 

location o f  the geometry tape. 

Flux-to-dose conversion factor. 

Hollerith information consistent with FDC. 

(Usually RAD/HR or RAD). 
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FORMAT NAME DIMENSION 

3 FF ( 1  000) 

3 AT ( 1  000) 

DEFl NITION 

A factor, associated w i t h  each material, for 
2 

adjusting the density (or thickness-gm/cm ) 

of the material. The FF Is must be  in  the same 

"order" as the MAT's. A value o f  unity pre- 

serves the penetration thicknesses computed 

by the Geometry Program. 

A factor for adiusting buildup; this value 

should approximate the atomic mass number 

of the volume element with which i t  i s  asso- 

ciated. AT should equal zero i f  buildup a 
i s  not needed. The AT'S must be in  the same 

"order" as the MAT's. (See Equation 5-2) 

Control must be returned to the program after the above data i s  read. 

The following data are input i n  a do-loop over the number of  detectors, ND. 

The NAME card associated with this data set is: 

N4, NAR, POLA, AZIM, NSKlP 

FORMAT NAME DIMENSION DEFl NlTlON 

4 NAR ( 1 )  Number of angular regions. This indicates 

the number of partial solid angle regions in- 

to which the dose i s  to be tall ied for the de- 

tector of current interest. If the sum o f  the 

mutually exclusive partial solid angular re- 

gions i s  less than 4TT, the dose i n  the remaining 
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FORMAT NAME DIMENSION 

4 NAR (1) 

(Continued) 

3 POLA (300) 

3 AZIM (300) 

DEFINITION 

solid angle i s  also tallied. The total dose 

at the detector i s  calculated whether NAR 

i s  zero or not. NAR must not be greater 

than 150. 

The polar angle l imi ts of the angular region - 
two p l a r  angles per region. 

The aximuthal angle l imi ts o f  the angular 

region - two azimuthal angles per region. 

NOTE: Al l  angles are i n  degrees and are positive; the lower l imi t  must be the first 

o f  the pair. The polar angles must l i e  between 0 (positive z-axis o f  con- 

figuration) and 180 (negative z-axis of configuration) inclusive. The po- 

lar angle lower l imit must be less than the upper l imit. The azimuthal an- 

gles are measured counter clock-wise from the configuration positive x-axis. 

The azimuthal angles must l i e  between 0 and 360 inclusive. The azimu- 

thal angle lower l imit need not be less than the upper l imit. For example, 

the data card to define two angular regions - ( l ) ,  the first octant, and 

(Z), a special region defined by the polar angles 20 to 160 , and the 

azimuthal angles - 4f to 4P, w i l l  have the following format: 

0 

0 

0 0 

0 0 

4NAR, 2, 3POLA, 0, 90, 20, 160, AZIM, 0, 90, 315, 45 

4 NSKl P (1) If this value i s  greater than zero, the current 

detector i s  processed; i f  this value i s  less than 

or equal to zero the current detector i s  skip- 

ped. 

i 
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See sample input data listing i n  Appendix A.2. 

5.4 DOSE CODE OUTPUT 

A sample output i s  shown i n  Appendix A.2.  The first line i s  a general heading for 

the case. A spectrum table follows giving energy, flux, and the power law para- 

meters H and q. Next, the detector heading card, detector coordinates, and de- 

tector material number (all obtained from the geometry tape) are printed. The 

next line, indicated by five asterisks on the right, shows detector number and total 

dose. I f  solid angle bins are specified, their tallies follow. The polar and azimu- 

thal angle limits are given in degrees. PARTIAL DOSE i s  the dose entering within 

a particular solid angle. The WT. FRACTION column measures the relative con- 

tribution of a particular solid angle bin. I t  i s  the ratio of  partial dose to total dose, 

divided by the ratio of  solid angle to four p i  steradians. The solid angle i s  alsogiv- 

en. The final row after the last solid angle bin gives similar information for any 

vectors not contained within one or more angular bins. 
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6 . 0  MISSION F L U X  PROGRAM 

The Mission Flux Program calculates proton and electron fluxes integrated over tra- 

jectories through the trapped radiation belts of Earth 

be specified point by point; alternatively, orbital parameters may be specified and 

the program w i l l  calculate up to 150 positions equally spaced i n  time for a single 

orbit. The geographic coordinates are converted to B-L coordinates and logarith- 

mic interpolation i s  performed i n  f lux tabulations. The total integrated fluxes over 

the trajectory are calculated using a parabolic numberical integration routine. 

Arbitrary trajectories may 

7 
The radiation data are taken from the Vette model environments . The omnidirec- 

tional electron data i s  for the region of space below L = 3. The model spectrum i s  

independent o f  B and i s  exponential above 2 MeV. It i s  divided into 7 energy 

groups ranging from 0.5 to 7 MeV, plus one group above 7 MeV. The electron 

data i s  for the January - September 1963 time period. The proton model spectrum 

i s  dependent on both B and L. The program calculates omnidirectional proton flux 

above energy E for 12 values o f  energy ranging from 4 to lo00 MeV. The electron 

and proton spectra may be converted to number flux, differential i n  energy, with 

the aid of  the Lockheed Source Spectrum Code . 3 

6.1 MISSION TRAJECTORY 

The vehicle trajectory may be specified i n  a table of geographic coordinates (R, 9, 

A )  versus time (t). Here, R i s  the radius vector; @ i s  the north latitude (+ 90 at 

North Pole, -90° at South Pole); and X i s  the east longitude. 

0 

The program converts these coordinates to a right-handed Cartesian system with the 

y- axis directed through zero longitude and the z-axis directed through the North 

Pole. The conversion is: 
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Orbital trajectories may be specified by providing 7 orbital parameters. These 

parameters are: 

P =  0 . 1 .  L L  I,. . ..l',( 'de; 

GP = north latitude at perigee 

x p  = east longitude at perigee 

CY = inclination of  orbit with respect to equatorial plane - always posi-  

t ive 

e = eccentricity o f  orbit 

+ 1 west to east orbit 

- 1 .  east to west orbit c RSEN SE = 

+ 1 e vehicle cl imbs north from perigee 

OSENSE= I- 1 .  vehicle descends south from perigee 

The init ial  point i s  taken to be at perigee. A stationary right-handed coordinate 

z ) i s  defined with the origin at the center of  the Earth, the z-axis 
c, YC, c 

system (x 

through the North Pole, and the x-axis specified by the proiection of  the northern- 

most orbital point in the equatorial plane. In this coordinate system, :he ini t ial  

position at time t = 0 is: 

(o)= P 9 case 0 cosCY,  
C 

yc(0)= RSENSE 6 P sin 0 ,  

z (O)= P cos 0 ., sin a, 
C 

where 0 i s  the angle between the radius vector through the northernmost orbital 

point and the radius vector through perigee. The angle 8 i s  defined by: 
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,I 
,I i 

I: 

sin Qp 2 1/2 
COS 6 = - I sin 8 = - OSENSE - (1 - COS e) . 

sin Q 

The init ial  velocity vector in the (x , y,, z ) system is: 
C C 

q o )  = - v s in  8 - COS a, 

QO) = RSENSE cos e, 
ZC(O) = - v sin 6 sin a, 

where the init ial  velocity, v, is: 

9 (1 + e) 
P v =  

(6-3) 

(6-4) 

(6-5) 

The quantity g i s  the universal gravitational constant multiplied by the mass of the 

Earth; 3.985 x 10 m /sec . 14 3 2 

The equations of motion of a small orbiting body, neglecting certain perterbations, 

may be expressed as: 

.. 
X 

C .. 
YC .. 
z 

C 

= 9  

= 9  

= 9  

2 
"C("C 

2 
+ YC2 + zc 1 

2 2 +  z 2) 
2 Y C b C  + Y, C 

LC(XC + Y, * +  zc 1 2 

-3/2 

-3/2 

-3/2 

Subject to the init ial  conditions, Equations 6-2 and 6-4, numerical solutions of 

Equations 6-6 are obtained by the applicqtion of the Runge - Kutta - Gil l integra- 

tion formulae. The fourth iteration i s  accepted as a solution, and up to 150 equal 

time intervals are treated. 

z ) system are transformed to a The position coordinates i n  the stationary (x C I  YC, 
c 



physical analogue o f  the equatorial radius in a pure dipole f ie ld .  I t  i s  computed 

from the relations; 

3 
x = In(+) 

where 

I 
M = 

a = 
n 

dipole moment of the Earth 

polynomial coefficients determined by Mcllwain. 

I 

(6-1 1) 

The magnetic field, B, and i t s  components are derived from the gradient of a geo- 

magnetic potential function, V, which i s  represented by a 48 term, spherical har- 

monic expansion. This function, as presented by Vestine , i s  given by: 
6 

and 

where 

n 

m = O  
cos m X + h r  sin m X )  Pm (e) 

n T n = (9; 

a = radius of Earth (6371.2217 km) 

r = radius vector from geocenter 

X = east longitude 

8 = colatitude 
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Pm(6) = partially normalized associated Legendre polynomials 

gnr n 

n 
m hm = Gauss coefficients* 

The magnitude of B i s  obtained from 

The value of  the longitudinal invariant I, defined in Equation 6-10, i s  evaluated 

by integrating along a line of force. Errors due to truncation and departures from 

the original l ine o f  force are kept small by requiring the step size to meet two con- 

straints. First, the relative change i n  magnetic f ield must be less than an input 

quantity EPS, generally .05. Second, the step size, expressed in  Earth radii, 

must be less than 2 x EPS. 

6.3 GLOSSARY OF INPUT DATA TERMS 

terms for spherical harmonic expansion o f  geomagnetic '1 - 1, J -  1 
f ield 

hl - 1, J 

f ield 

w, J) 

"(I, J, 1 terms for spherical harmonic expansion o f  geomagnetic 

th th BLLS(1, J) I value o f  magnetic field B for J L value i n  table of  proton spec- 

tral constants above 50 MeV 

PLLS(I, J) proton exponential energy spectrum parameter, E , corresponding 
0 

to BLLS(1, J) 

2 * The sample case uses Finch - Leaton coefficients for Epoch 1955. 
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th 
PLLl (J) J value of L for table of  proton flux above 4 MeV versus B and 

L 
th th 

BFLSPI(1, J) I value of B for J value of  L i n  table of  proton flux above 4 

MeV versus B and L 

PFLSl(1, J) proton flux above 4 MeV corresponding to PLLl(J) and BFLSPl 

(1, .'f 
PLL2(J) Jth value of  L for table of  proton flux above 15 MeV versus B 

and L 
th th 

BFLSP2(1, J) I value o f  B for J 

15 MeV versus B and L 

proton flux above 15 MeV corresponding to PLL2(J) and BFLSP2 

value of  L i n  table of  proton flux above 

PFLS2(1, J) 

(1, J) 
th 

PLL3(J) J value of L for table of  proton flux above 34 MeV versus B 

and L 
th th 

BFLSP3(1, J) I value of  B for J 

34 MeV versus B and L 

proton flux above 34 MeV corresponding to PLL3(J) and BFLSP3 

value of  L i n  table of  proton flux above 

PFLS3(1, J) 

(1, J) 
th 

P L L4( J ) J value of  L for table of  proton flux above 50 MeV versus B 

and L 
th th BFLSP4(1, J) I value of B for J 

50 MeV versus B and L 

proton flux above 50 MeV corresponding to PLL4(J) and BFLSP4 

value o f  L i n  table of  proton f lux above 

PFLS4(1, J) 

(1, J) 
th th 

ELLS(I, J)  the fraction of electrons i n  the I 

L interval 

J 

B and L 

I 

energy interval for the J 

th 
E LL(J) value of L for table of electron f lux above 0.5 MeV versus 

th th BFLS(I, J)  value o f  B for J value of  L i n  table of  electron flux versus 

B and L 



. 

EFLS(I, J) 

JDATA 

KTRAP 

N T  

EPS 

T(I 1 
WI) 
PHIG(I) 
FLG(I) 

E 

ALPHA1 

P 

OT 

FLNO 

FLAT 

RSENSE 

electron flux above 0.5 MeV corresponding to ELL(J) and BFLS 

(1, J) 

option parameter 

read geographic coordinates of points on trajectory and com- 

pute fluxes 

compute geographic coordinates of points on orbital trajec- 

tory and compute fluxes 

exit 

dump core, then exit 

compute geographic coordinates of points on orbital trajec- 

tory 

option parameter 

(0) stop computation i f  L calculation exceeds 1000 iterations 

(1) force L calculation 

number o f  points on trajectory; l e a  than 151 

step size criterion in calculation of L; normally .05 

time for i trajectory point (JDATA = 1) 

radial distance o f  I 

no-?? latitude o f  I 

east longitude of  I 

eccentricity of orbit (JDATA =2 or 5) 

inclination of  orbit (JDATA = 2 or 5) 

altitude of orbit above surface of Earth i n  kilometers (JDATA = 
2 or 5) 
period of  orbit i n  minutes (JDATA = 2 or 5) 

east longitude o f  perigee (JDATA = 2 or 5) 

north latitude o f  perigee (JDATA = 2 or 5) 

rotation parameter 

+ 1. west to east orbit 

-1. east to west orbit 

th 

th 

th 

th 

trajectory point i n  kilometers (JDATA = 1) 

trajectory point (JDATA = 1) 

trajectory point (JDATA = 1) 
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R S E N S E  (continued) 

(JDATA = 2 or 5) 

OSENSE orbital direction parameter 

+ 1. trajectory proceeds north from perigee 

- 1. trajectory proceeds south from perigee 

(JDATA = 2 or 5) 

6.4 INPUT DATA PREPARATION 

NOTE: The following cards follow the "(cs'c:::!~) f ' y,4 card. 

. "I 
d 
1 
I. 
I 
I 
1 

CARD TYPE 1 

CARD TYPE 2 

CARD TYPE 3 

CARD TYPE 4 

0 0  
Fourteen cards contain the Gauss coefficients; g,,, g., a . . 

0 . . , h6. Fifty of  these coefficients are not used. 

FORMAT (7E10.) 

This card group contains about 1500 cards describing proton 

fluxes i n  the inner belt. Five subgroups contain the exponential 

energy parameter above 50 MeV and the proton maps AP4, AP2, 

AP1, and AP3. 

by Vette 

ror in one L value has been corrected. 

The data deck i s  identical to the deck furnished 
7 

except that blanks are f i l l ed  and a typographical er- 

Thirteen cards contain a table o f  electron spectrum weighting 

factors versus L .  FORMAT (8E9.) 

7 
This card deck contains the electron flux map, AE1, of Vette . 

1 
1 
I 
R 
I 
i 
t 
I 
1 
I 

The following data are designated case cards. Each case i s  specified by one Card 

Type 5 and mult iple Cards Type 6, or one Card Type 5 and one Card Type 7. 
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Mult ip le case runs are permissible. 

CARD TYPE 5 

CARD TYPE 6 

CARD TYPE 7 

This card contains five input parameters as follows: 

option parameter 

read trajectory points on Cards Type 6 and compute 

f I uxes 

read orbit parameters on Card Type 7 and compute 

f I uxes 

EXIT 

DUMP, then EXIT 

read orbit parameters on Card Type 7, do not compute 

f I uxes 

invariant parameter 

stop the calculation i f  I requires 1000 steps 

ignore KTRAP 

the number o f  trajectory points to be procesr;: 4 * . ,st  

not =.:-.eeci 150 

governs accuracy of I and L calculation, usually 0.05 

intermediate print option 

no detailed print 

detailed print 

FORMAT (211, 13, ElO., 15) 

This card contains trajectory information including time in sec- 

onds, radial distance in kilometers, north latitude, and east 

longitude in  degrees. FORMAT (4E10.) 

This card contains orbital parameters. 

E eccentricity o f  orbit 

ALPHA1 inclination of  orbital plane to equatorial plane in 
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degrees (positive) 

altitude of perigee above surface of  Earth i n  kilometers 

orbit time i n  minutes, w i l l  be  calculated i f  not input 

east longitude of perigee in  degrees 

north latitude of  perigee in  degrees 

P 

OT 

FLNO 

FLAT 

RSENSE + 1 west to east orbit 

east to west orbit 

OSENSE + 1 .  orbit north from perigee 

- 1 .  orbit south from perigee 

- 1 

6.5 MISSION FLUX PROGRAM OUTPUT 

I 

The Mission Flux Program prints a table of  trajectory position versus time at NT 

points. Position i s  given in  a right-handed Cartesian coordinate system rotating 

with the Earth. The z-axis goes through the North Pole and the y-axis i s  i n  the 

equatorial plane and through the Greenwich meridian. Units are i n  terms of  Earth 

radii, 6371.2217 kilometers. 

If JDATA i s  set to 1 or 2, a flux calculation i s  performed and a table labeled 

"Trajectory and Flux in  B-L Space" i s  printed. This table contains time in  seconds, 

B i n  Gauss, L, omnidirectional proton flux above 4 MeV, omnidirectional electron 

flux above 0.5 MeV, and KTR, the number of  mesh points along the magnetic line of 

o f  force required to evaluate the invariant, I o  Flux units are particles per square 

centimeter - second. 

The calculation of  B, L, and particle fluxes i s  omitted i f  the  trajectory point i s  

within approximately 25 degrees from either pole. The calculation of  L and parti- 

cle fluxes isomitted i f  B i s  greater than 0.305 Gauss. 

that region of space where fluxes are small and computational effort i s  large. The 

latter criterion neglects that region of  space where proton fluxes are trivial and 

The former criterion neglects 
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3 
electron fluxes are less than 2 x 10 . Here, the interpolation scheme sometimes 

produces erroneous electron fluxes greater than 10 . 6 

Finally, two tables of proton flux above energy E and electron f lux above energy 

E versus energy in MeV are pdnted. These fluxes are integrated over the trajec- 

tory. The units are omnidirectional particles above energy E p e r  square centimeter. 
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APPENDIX A . l  

I DE NTI F I CAT IO N GLDI P1, Format Free 

Input Routine 

ENTRY p91 NTS GLOlP1, DIP, (DIP) 

DECIMAL LOCATIONS 655 

USAGE AND INFORMATION 

The DIP Program i s  a FAP language subroutine designed to facilitate the preparation 

of data for acquisition by a calling program. No format statements are required in 

the calling program when data i s  input through the DIP subroutine. 

The calling sequence required for the use of DIP is: 

CALLDIP(IN, J, A, B, C, . . . .) 
IN i s  the BCD input tape assignment obtained by: 

CALL TAPE (2, IN, IO); 

J i s  the number of names in the input list; 

A, B, C, . . . are the names in the input list and must be the same as the 

names for these quantities in the program. The maximum number of names in 

any one calling sequence i s  50. 

The format of a data card i s  controlled by a character in column 1 of the card. If 
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8 

column 1 contains a 

3, the data i s  floating p i n t .  

4, the data i s  fixed point. 

5, the data i s  hollerith information. 

8, control i s  transferred immediately to EXIT. 

9, the card and al l  information therein i s  ignored and the next card i s  read; 

i .e ., this i s  a comments card. 

N, this indicates a "name" card and contains a l i s t  of names which corre- 

spond to the names in  the calling sequence l i s t .  

@, input processing ceases with the data on this card, and the data i s  fixed 

point. Control i s  returned to the calling program. 

= , input processing ceases with the data on this card, and the data i s  float- 

ing point. Control i s  returned to the calling program. 

* , input processing ceases with the data on this card, and the data i s  i n  the 

Control i s  returned to same format as the card immediately preceding i t .  

the calling program. 

(blank), the data i s  i n  the same format as the preceding card. 

The name of the array to which the data pertains must precede the data: further, 

the name must be separated from the data by a comma or a blank, and the data 

"words" must be separated from each other by commas or blanks. For example, 

The 3 in  column 1 indicates floating point data; A i s  the name of a data array; 1 i s  

stored i n  A(1); 2 i s  stored in  A(2); etc.; X i s  the name of another array and SO i s  
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PRT. Columns 2 through 72 inclusive may be used for array names, data, and hol- 

lerith information. Array names and data names that are not completed on or before 

column 72 can be continued on the next card, starting in column 2. Data words 

may be separated by 1 or more blanks and/or commas. Since the blank or comma 

after each data word i s  a signal to store the data word in the proper location, i f  a 

data word ends in column 72, the following card must have a blank or asterisk in 

column 1 and a blank or comma in column 2. 

In addition to the control characters in column 1, there are other control charac- 

ters available which may be used in any column 2 through 72. The interpretation 

of this character is: 

= m, the next rn storage locations in the name array remain unchanged, 

For example: 

Y, 10, 1.5,=6, 12,Z 

1 .5 i s  stored in Y(2), 12 is stored in Y(9), and locations Y(3) through 

Y(8) are unchanged. If an array name i s  not in a data set, the entire 

array remains unchanged throughout the processing of that data set by 

DIP. At least one data word in addition to the "=m" must be present 

wi th the 'I=mII or an error indication w i l l  result. 

z/n, the number z i s  to be stored in the next n storage locations. For exam- 

ple: 

Y, 10, 1.5,13/10,12,7, 

1.5 i s  stored in Y(2), 13 i s  stored in Y(3) through Y(12) inclusive, and 

12 i s  stored in Y(13). z/l and z/O wi l l  cause an error indication. 
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$, this character in a column results in the column immediately following 

to be treated as though i t  were column 1 For example: 

3A, 1 I 2,3, $4KQ, 1,2,3, $9 

The 3 i n  column 1 causes the data for the A-array to be processed as 

floating point; the 4 after the $causes the KQ-array to be processed 

as fixed point data; the 9 after the second $ causes the rest of  the card 

to be ignored. A $ i n  column 1 or 72 w i l l  result i n  an error indication. 

Integral powers of  ten associated with a number are indicated only by a I +- or I - I 

before the exponent. That is, 6.35-5 i s  6.35 x 10 

A decimal point in the exponent w i l l  cause an error indication. 

-5 5 
I and -4.32+ 5 i s  -4.32 x 10 . 

The "name ' I  card, a card with an N i n  column 1 , must precede any array names in  

the data cards. The format for the name card is: 

N, J, A, 8, C, . . . 

N i s  in column 1; 

J 

A, B, C, are the array names and must be i n  the same order as the l i s t  i n  the 

i s  the number of  names in  the l is t ;  

call ing sequence that reads this data. Additional name cards are 

required only when the calling sequence changes or the array names 

change. 

Array names for data may be as large as six characters i n  length and must start with 

an alphabetic character. With the exception of the first character, which must be  

alphabetic, the array name may have any alpha-numeric character. 
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If, whi le  processing data, a data error i s  detected, the DIP subroutine indicates 

an error has been found and prints the card image. Following this, the remaining 

data are searched for further errors and the card images of any additional errors are 

printed; the DIP subroutine then transfers control to EXIT, or to DUMP if *DUMP 

or *DUMPM i s  present. 

The format for the 5-card (;.e., the card with a 5 in column 1 for reading hollerith 

data) is: 

5HEAD, J, HOLLERITH INFORMATION 

HEAD i s  the name of the hollerith l ist ,  and 

J i s  the number of machine words required to store the information, in 

this case four - six characters per word, including blanks. 

When the “word” count, J, has been satisfied, the next data card i s  read; hence, 

format changes cannot be made in cards with a 5 in column 1. Hollerith data may 

be carried through two or more cords providing the “word” count i s  consistent wi th 

the amount of information to be stored. 

If the input data are not subsequently altered by the program, a parametric study 

may be conducted by using the =m and z/n feature of DIP to change only the para- 

meters affected. Hence a second or third or further case wil l  not have to re-read 

all the input data; i t  w i l l  have to read only that which changes. For subsequent 

cases the N card may be deleted; unless a second N card has been read. This i s  

true since DIP retains the most recent N card, and any data read should conform 

to the array names on that N card. 
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ERROR INDICATION 

O n  finding one error, the remaining data are searched and the card images are 

l isted off-line for any cards in  error or possibly i n  error. 
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GEOMETRY PROGRAM 

INPUT DATA L IST ING 

'I 02 

c 



I 
I 
I 

* D A T A  
N18 N X  N X Q  M V X  R H X  X X I  Y Y I  Z Z I  XX Y X  ZX KQ R A  P R  A R Y  T X  T Y  T Z  N T R N S  
9 S T A N D I N G  M A N  MODEL 

T O P  P E G I O N  OF H E A D  
4NTRNS 1 S 3 A R Y  1 0 1 3  1 0 1 3  1 T X  C T Y  36 T t  - 4 2  S9 
4 M V X  2 0 1  N X  1 N X Q  1 KQ 1 8 3 R H X  2.54 X X I  0 Y Y I  0 ZZI 70 R A  2.8 P R  2.8 XX 
* 1 2  014 4.8 Y X  0 1 2  1 2  013 Z X  6 9 . 2 / 3  7 0  7 1  69.2 S9 

4NX 2 N X G  3 KQ 3 1 1 $3221  6 8  R A  2.5 a612 PR 0 2 5  0 6 1 2  XX = 3  -2.412 4.8 
7 1.2 4.8 4 . 3 1 2  4 4.312 4 Y X  = 3  -12 1 2 1 2  0 1 3  -1.212 -1.8 Z X  = 3  65.212 6 

0 Y A I N  R E G I O N  OF H E A D  

* 2 . 8  68 6 6  69.2 6 8  68.6 6 8 1 2  68.6 6 8  89 

4 N X  2 NXG! 2 KQ 3 2 S3ZZI 6 2  R A  2 5.4 PR 0 1 2 5  XX -2.412 4.8 -1212 1 2  0 0 2  
3.2 0 6 1 2  6 Y X  -12  1212 - 1 2  1 2 1 2  0 1 3  - 1 2  1 2 1 2  Z X  6 5 . 2 1 2  62.8 55.613 6 1 .  

9 N E C K  R E G I O N  

*4 6 3 1 2  5 5 . 6 1 3  89 
9 S H O U L D E R S  
4 Y X  1 KQ 2 3 b ? Z Z l  58 R A  5.4 8.8 P R  0 004838 XX - 1 2 1 2  1 2  0612 6 0 6  04 6 
"YX - 1 2  1 2 1 2  - 1 2  1 2 1 2  0 1 3  Z X  55.617 47.4 55.6 $ 9  
9 LOWER CHEST 
4 N X  2 NXC 1 K Q  3 83221 4 8  R A  6.6 P R  0 0 3 2 2 6  X X  = 3  - 1 2 1 2  12  06 0 4  6 Z X  =3  
* 4 3 . 2 / 3  55.6 47.4 55.6 $5 
9 H I P  R E G I O N  
=iZI 40 P A  7 PR 0 0 6 2 5  X X  =6 - e 6  0 -6 L X  4 3 . 2 1 3  33.614 43.2 33.6 $ 9  
9 U D P E R  R I G H T  L E G  
3 Y Y I  -4 Z Z 1  2 7  R A  3.6 PR 0 1 7 9 6 3  XX =6 - 0 6  0 -4 YX =6 -3.6 -4.7 -3.6 Z X  3 
*3.6/3 18.713 33.6 18.7 33.6 5 9  
9 U P P E Q  L E F T  L E G  

9 LOWER Q I G I i T  L E G  
= Y Y T  4 YX =6 3.5 4.7 3.5 S Q  

3 Y Y I  -5.6 ZZI 1 2  R A  2.1 P R  0 0 6 2 0 6  X X  =6 012 2.7 YX = 6  -5 -6.2 -4.7 Z X  1 8  
* a 7 1 3  4 .213 16 7.2 18.7 S9 
9 LOWER L E F T  L E G  

9 R I G H T  F O O T  
= Y Y I  5.6 Y X  =6 5 6.2 4.7 S a  

4 N X  7 N X Q  0 S 3 X X I  4 Y Y I  -7 ZlI 2 R A  0 P R  0 X X  9 .613  -1.813 - 1 2 1 2  12 -121 
2 12 1.812 9.6 1 2  - 1 2 1 2  1 2  -12'12 Y X  = 6  - 1 2  1 2 1 2  -12  1 2 / 2  - 1 2  1 2 1 2  -4.61 
2 -5.2 -8.612 -9.2 Z X  5 1 2  -1 5 1 2  -1 4.213 0 1 3  4.212 1.2 4.212 0 4 . 2 1 2  0 

* so 
9 L E F T  FOOT 
=YYI 7 Y X  = 1 5  4.612 5.2 8 . 6 1 2  9.2 S 9  
9 U P P F R  R I G H T  P R M  
4NX 0 N X O  2 KQ 3 2 S 3 X X I  0 Y Y I  -10 ZZI 5 6  R A  1.9 5.4 P R  0 0 7 1 4 3  X X  0 1 2  2 .  
* 3  0 6 1 2  6 Y X  -9 - 1 0 1 2  -12  1 2 1 2  Z X  5 4  4 7 1 2  55 .613 S9 
9 U P P E R  L E f T  ARM 
= Y Y I  1 3  YX 9 1 0 1 2  =2 1 2  89 
9 M I D D L E  R I G H T  ARM 
4 N X  2 N X Q  1 KQ 3 S 3 Y Y I  - 1 0  221 4 8  R A  1.9 X X  -1212 1 2  - 1 2 1 2  12 012 2.3 Y X  
* -12 1212 - 1 2  1 2 1 2  -9 - 1 0 1 2  Z X  55.613 43.213 54 4 7 1 2  S9 
9 M I D D L E  L E F T  ARM 
= Y Y I  1 0  Y X  =6 9 1 0 1 2  '59 
9 LOWER R I G H T  ARM 
4 N X  2 N X Q  1 KQ 3 S 3 Y Y I  - 1 0  ZZI 4 1  R A  1.4869 PR 0 0 6 2 5  X X  = 3  - 1 2 1 2  12 012  
* l o 8  Y X  = 3  -12  1 2 / 2  -10.6 -10.9 -10.6 Z X  43.213 33.613 4 0  3 5 0 2  4 0  S9 
9 L C W E P  L F F T  ARM 

9 R I G H T  H A N D  
= Y Y I  1 0  Y X  = 6  10.6 10.9 10.6 6 3  

4 N X  1 K O  1 S 3 Y Y I  - 1 0  Z Z I  30.5 R A  2.2 PR 3.8 X X  = 3  0 1 2  1.4 YX =3  - 1 1 1 3  Z X  
* 33.613 3 1  29  31.4 S 9  
9 L E F T  H A N D  

SM 0 1  
SM 0 2  

SM 0 3  
SM 0 4  
SM 05  

SM 0 6  
SM 07 
SM OE 

SM 0 9  
SM 10 

SM 11 
SM 1 2  

SPI 13 

SM 14 
S M  15  

SM 16 

SM 17 
SM 1 8  

SM 19 

SM 20 
SM 2 1  

SM 2 2  

SM 2 3  

SM 2 4  
SM 2 5  

SM 26 

SM 2 7  
SH 28 

SM 29 

5ma30 
5m030 

SM 3 1  

SM 32 
SM 33 

1 03 



= Y o 1  10 YX = 7  1111 5 3  
4 H F Y I S P t + F Q I C A L  C A D  
4 N T R N S  1 5 3 A R Y  1 0/3 1 0 1 3  1 T X  0 T Y  3 6  T Z  0 $ 9  M A N  M O D E L  T R A N S F O R M A T I O  

* 2 4  2 5  X X  9 1 0 1 7  YX c) P 1 0 C 2 4  0 0 25  Z X  4 2 1 3  0 1 4 2  0 1 4 2  5 9  
3 C Y L I Y D F P  V A C U U M  
L M V X  2 2  NX 2 N X Q  1 KQ ? I 3 R t ' X  0 Z Z I  0 XX = 4  1 0 / 4  YX = 5  1 0 0 2 4  Z X  = 3  - 
* 4 2 / 3  ( 1  1 0 $0 

$ V V X  1 NX 1 N X Q  2 K O  1 I 5 3 R H X  6 .85546  X X I  0 Y Y I  C Z Z I  66.5 R A  2 4  2 5  P R  

r Z Y L I h D E R  A L U t ' I N I U Y  B L O C K  
"'"'JX 2 F = R W X  6.'37545 YX = 8  25 R A  2 5  $ 9  
' C C N I C 4 L  VACUUM 
' Y X  = R  ZL e o  
4 v V X  3 YXQ 1 K Q  3 S = R H X  0 P R  1 Y Y I  0 Z Z I  - 5 0  Z X  - 6 6 1 3  = 3  0 -1 -42  R A  2 4  
c, C O N I C A L  ALUMTNiJM B L O C K  
4k'VX 4 F = ? H X  6 . 8 5 5 4 6  R f i  2 5  YY = 8  2 5  Z X  - 6 7 0 4 1 4 2 1 3  $ 9  

S T A N D I Y G  M A N  Y 3 D E L  
4N'RNS 1 6 3 A R Y  -1 9 1 3  1 9 1 3  -1 TX 0 T Y  -36  T Z  4 2  8 3  
J TOP 2EGIOI \ I  OF H E A D  
4k"/Y L C 1  N X  1 N X O  1 Y Q  1 B 3 R H X  2.54 X X I  0 Y Y I  0 Z Z I  7 0  RA 2.8 P R  2.8 XX 
2 1 ,  0 / 4  4.0 YX 0 1 2  1 2  C / 3  Z X  69 .213  7 0  7 1  69.2 5 9  
5 N P , 1 b i  R E G I O N  O F  HEAL) 
4 N X  2 N X O  ? K Q  3 1 1 S ' Z Z I  6 2  R A  2.5 0 6 1 2  P R  0 2 5  0 6 1 2  X X  - 3  -2 .412  4.8 

1.2 L o 8  4.312 4 4 . 3 1 2  4 y x  = 3  -12  1 2 1 2  0 1 3  -1.212 -1.8 z x  = 3  6 5 . 2 1 2  6 
* 2 0 9  6 8  66  6 9 0 2  6 9  6 8 . h  C>.Fc/2 68.6 h e  50 
3 N r C Y  R ? G I  Ob' 
4 P 1 Y  N X O  3 K O  3 2 % ? Z Z I  6 2  P A  2 5.4 PR 0 1 2 5  X X  -2.412 4.8 - 1 2 1 2  1 2  0 02 

3.2 . f / 7  6 Y X  - 1 2  1 2 / 7  -12 I ? / ?  O / ?  - 1 2  1 2 1 7  Zr 6 5 0 2 / 2  62.8 55 .617 61. 
* 4  6=/3 5 5 . 5 / 9  U Q  

4 N X  1 kQ 2 3 8 3 2 2 1  5 8  P A  5.4 8.8 PQ 0 0 9 4 8 3 8  XX - 1 2 1 2  1 2  0 6 1 2  6 0 6  0 4  6 
" Y X  - 1 7  1 2 / 2  - 1 2  1 2 1 2  0 1 3  Z X  55.617 47.4 55.6 5 "  

3 C' iOL I  L D E R S 

L?WCR C H E S T  
4 N X  2 h X C  1 KQ 3 B ? Z Z I  4 8  PA 6.8 P R  0 0 3 2 2 6  XX = 3  - 1 2 1 2  1 2  0 6  0 4  6 Z X  = 3  
* & ? 0 2 / 3  55.6 b7.4 55.6 $ 9  
2 H I F  TEGION 
= i Z I  4 3  RA 7 PR 0 0 6 2 5  XX -6  - 0 6  0 -6 Z X  43 .213  3 3 . 6 1 4  43.2 33.6 5 9  
9 U P P F S  P ! G H T  L F G  
- ' Y " I  - 4  Z I I  27 R A  3.6 P R  0 1 7 0 6 3  XX = 6  -06 0 -6  YX = 6  -3.6 -4.7 -3.6 Z X  3 
+ ? o h / ?  l R o 7 / 7  ?'OF ' n e 7  7?.h $9 
0 b P p r 9  L E F T  LEG 
=YYI 4 Y ) :  = 6  3.5 4.7 3.5 AS 
? LOWER Q I G H T  LEG 
3 Y Y I  -5.6 Z Z I  1 2  RA 2.1 PR 0 0 6 2 0 6  XX =6 0 / 2  2.7 YX =6 -5 -6.2 -4.7 Z X  1 8  
+ a ' / ?  4 . ? / 3  1 6  7.2 18.7 % Q  
c, LOWER L E F T  LFG 

= \ ( V I  5.6 YX = 6  5 6.2 4.7 $ 9  
a P I G H T  FOOT 
LIYX 7 N X 3  0 B 3 X X I  4 Y Y I  -7 7 2 1  2 R A  0 P R  0 XX 9.613 -1.813 - 1 2 1 2  1 2  - 1 2 1  

2 1 2  l o p 1 2  " 0 6  1 2  - 1 2 1 2  1 2  - 1 2 1 2  YX =6 - 1 2  1 2 1 2  -12  1 2 1 2  - 1 2  1 2 1 2  -4.61 

9 LEFT F O C T  

'? UPPEQ R I G H T  4 R Y  
= Y Y I  YX - 1 5  4.612 5.2 8 . 6 / ?  3.2 $ 9  

4 U X  C N X 3  2 KQ 3 2 8 3 X X I  0 Y Y I  -10 2 2 1  5 6  R A  1.9 5.4 PR 0 0 7 1 4 3  X X  0 1 2  2.  
* ?  * 6 / 2  6 YX - 9  - 1 0 1 2  -12 12/2 Z X  5 4  4 7 1 2  55 .613 JQ 
9 U P F E P  LEFT A P M  
= Y Y I  l!' YX 9 1 0 1 '  = 2  1 2  $ 9  
.3 M I D D L E  R I G H T  APM 
4 N X  / Y X Q  1 KQ 3 B 3 Y Y I  -10 2 7 1  4 8  R A  1.9 XX - 1 2 1 2  1 2  -1212  1 2  0 1 2  2.3 YX 
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* - 1 2  1 2 / 2  -12 1Z/Z -9 -IO/? Z X  5 5 . 6 / 3  4 3 . 2 / 3  5 4  4 7 1 2  19 S Y  28 
3 ? . l : m ~ E  LEFT ARM 
= Y Y I  1 c )  YX =6 9 1012 S q  SM 29 
7 LOWEQ R I G H T  ARM 
4 N X  2 N X Q  1 KQ 3 S 3 Y Y I  -10 Z Z I  41 RA 1.4869 P R  m O 6 2 5  XX = 3  -1212 1 2  012 S M A 3 0  
* l o 8  Y X  = 3  -12 1 2 1 2  -1c7.6 -10.9 -10.6 Z X  43.213 3 3 . 6 1 3  40 35.2 40 8 9  S M B 3 0  
9 LOWER L E F T  ARM 
= Y Y I  10 VX =6 10.6 10.9 10.6 SQ SM 31 
> R I G H T  H A N D  
4t4Y  1 KQ 1 S 3 Y Y I  -10 Z Z I  30.5 RA 2.2 PR 3.8 X X  = 3  0 1 2  1.1. Y X  =3 -11/3 Z X  5M 32 
* 33.6/3 3 1  25 31.4 5 3  SM 33  
9 L'FT q A N D  
= Y Y I  10 YX =3  1113 19 SM 34 
0 H F M T S P H E R I C A L  C A P  
6tJ'RNS 1 6 3 A R Y  -1 0 /3  1 0 / 3  -1 TX 0 T Y  -36 T Z  @ 8 9  MAi4 MODEL T R A N S F O R M A T I O N  

* 2 4  2 5  XX 0 1 017 Y X  0 i? 1 0 0 24 0 0 25 Z X  4 2 1 3  C 1 42 3 1 42 89 T C  02 
9 C Y L I N D E R  V A C U U M  
+MVX 22 N X  2 N X Q  1 KQ 2 s 3 R H X  0 Z Z I  0 XX =4 1 0 / 4  Y X  = 5  1 0 0 24 Z X  = 3  - 
" . .+2/3 13 1 0 $9 
9 CYLINDER 4 L U M I N I U P  B L O C K  
4 Y V X  2 B=RHX 6.85546 Y X  = 8  25 R A  2 5  S5 
? C O N I C A L  VACUUM 
3 Y X  =8 24  89 
4 Y V X  3 N X Q  1 K Q  3 B=RHX 0 P R  1 Y Y I  0 221  -50 Z X  -6613  = 3  0 -1 -42 R A  2 4  
9 C O N I C A L  A L U M I N U M  B L O C K  
4 M V X  4 B = R H X  6.85546 F A  2 5  YX = 8  25 ZX -67.4142/3 $9  T C  06 
3 C Y L I N D R I C A L  CONNECTOR 
~ : . ' V ' X  5 NX 2 N X Q  2 KC 2 2 NTRNS -1 I 3 R H X  6.85546 R A  12 14 X X I  0 YY:  0 221 

* 2  14 89 
' Y V X  3 8 9  
N12 NZ Z Z  R R  XD YO Z D  hD N2 DHED MD B I N  S A C  
C D H E P  1C DLI 'TECTOR I N  R I G H T  EYE - L E F T  MODULEI 
. S I N  1 6-564 
-P\n 1 p ?  12 MD 221 NZ 4 S 3 R R  0 60 80  60 0 2 2  80 70 0 -70 -80 S b C  01/24 X 
5 L ' r D  3 4 0 7 ~  Z D  26 $0 

5P+VED 19 D F T F C T O R  I N  APDOMEN - L E F T  MODULE. 
= X i )  C Y D  36 Z D  -1 89 
5DHED 10 C E T E C T O R  I N  R I G H T  E Y E  - R I G H T  MODULE. 
= X D  -+ YD -37.25 Z D  -26 $9 
5 d E D  I C  D E T E C T O R  ! N  4BDC'MEN - R I G H T  MODULE. 
=XD 3 Y D  -36  211 1 89 
'ND -1 B9 
8 

4 M V X  1 NX 1 N X Q  2 KQ 1 1 8 3 R H X  6.85546 X X I  0 Y Y I  0 LZI 66.5 RA 2 4  25 P R  TC 01 

1 3  Y X  0 1 9 0 1 C/7 Y X  3613 -3613 0 1 0 0 1 0 7 Y  0 0 I 17 0 1 0 0 1 2  0 
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GEOMETRY PROGRAM 
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I n 1  
E 
o m  

m I  
2 
o m  

c w  
. u e  

w u a  
J > f .  

n k a  

a 0  

3 

3021: 
I O  
c w u 
L O  
W I  
-I3 
2 -  

I -  
d a  

Z a N  
w e  
Z : O J  

0 -  l a x  
a w  .e 
L N C  
- I :  

0 1 - 4  

m e w  
w u c  
J W U  
3 > 2  c -  

3 

O I L O  z o a  
0 0 0 0 0 0 m  
o o o o o o m  
e e e e u e m  
l n l n c t n m i n m  

c a c  
o m  I W U  

- Z  
K 3  

2 -  

4 
9 a 
I a 
m 
c. 

Z 
0 

a 
U 
0 
-I 

z 

- 
c 

I 

m 

a W 

a 
C 

....... 
N N c u V " ( U S  

I -  
J N  

w e  
Z O J  

0 -  

7 a ~  

o c a  
n r  
a w  
z u a  

m i -  

- z  
- I -  

z m a  

u n a  

Z t l l f  

- 5  

0 0 0  
c c c  
u u u  

x a u  
G O O  
e t - c  
u u u  
w w w  
+ I - +  
w w w  o a o  

a a u  
0 0 0  
b e t -  
v u u  
W W W  

aarc 
o c a  
tt-c 
u u u  
w w w  
c c c  
w u u  
0 0 0  

c c c  
w w w  
0 0 0  

w w w  o o a  

8 
8 107 



GEOMETRY T E S T  PROGRAM 

INPUT DATA LISTING 

I 

I 
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8 -  
I 
I 
8 
8 
8 
8 
8 
8 
8 
8 
I 
t 
8 
1 
8 
I 
8 
8 

4 N X  2 N X Q  2 KQ 3 2 S3ZZI 6 2  EA 2 5 4 4  Pri 4 1 2 5  X X  - 2 . 4 / 2  4.8 - 1 2 / 2  I2 0 4 2  SM 0 6  
3.2 . 6 / 2  6 Y X  - 1 2  1 2 / 2  -12  1 2 / 2  ( ? / 3  - 1 2  1 2 / 2  Z X  6 5 . 2 / 2  6 2 . 8  5 5 . 6 1 3  6 1 .  SM 07 

- -  
7 U P P E R  L E F T  L E G  
= Y Y I  4 Y X  = b  3.5 4.7 3.5 50 SM 16 
r) LOWER R I G H T  L E G  

. 3 Y Y I  -5.6 Z Z I  1 2  R A  2.1 P R  0 0 6 2 0 6  X X  = 6  0/2 2.7 Y X  = 6  -5 -6.2 -4.7 Z X  1 8  SM 11, 

.*07/3 4 . 2 / 3  1 6  7.2 13.7 If.0 SM 16' 
I 9 LOWER L E F T  L E G  

? R I G H T  FOCIT 
= Y Y I  5 . 6  Y X  +6  5 6.2 4.7 $0 SM 1 9  

4 N X  7 N X Q  CI S 3 X X I  4 Y Y I  -7  ZZI 2 P A  PR TI XX Q . 6 / 3  -1 .R/3  - 1 2 / 7  1 2  - 1 2 /  SM 2 0  
2 1 2  1.8/2 3.G 1 2  - 1 2 / 2  1 2  - 1 2 / 2  Y X  = 6  - 1 2  1 ? / 2  - 1 2  1 2 / 2  -12 1 2 1 2  - 4 0 6 /  SM 21 

9 U P P E R  R I G H T  A R M  

* 3  r G / Z  6 Y X  -0 -1" /?  - 1 2  12/? 7X '=/I 4 7 1 2  5 5 . € / ?  3'' SM 2 5  
9 UPPER L E F T  A R E  
= Y Y I  1 0 YX 3 1 ? / 2  = 2  1'1 SM 26 

~ N X  c r J x Q  z K O  3 2 B 3 X Y I  o YYI  -IC Z Z I  5 6  RP. 1.3 5.4 PR , 0 7 1 4 3  x x  012 2. sr4 24 

9 Y I D D L E  R I G t l T  A R M  

9 . L E F T  HANI? 
= Y Y I  19 Y X  = ?  1 1 / 3  a9 SM 34% 
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3 C Y L I N D E R  V A C U U ' l  - 
4MVX 7 2  NX 2 N X C  1 KC 7 'i39tlY 0 7 7 1  0 XX = 4  I OI.1 Y X  - 5  1 0 0 2r4 Z X  5.3 - 

110 



9 MIDD~ F I r r T r4, R isi 
= Y Y I  1 r  Y X  =6 'i i O i Z  5? . SM 29 
9 LOWER R I G H T  hRb", 
~ N X  2 rixo i KO 3 ~ ? Y Y I  - I O  Z Z I  4 1  E A  1.4~60 rT: .ob75 x x  - 3  - 1 2 1 2  1 2  o / z  S M A 3 0  
* l o 8  YX =3 -12 l ? / ?  -1"06 - 1 Q o "  - I n 0 6  Z X  4 7 . 2 1 3  7 ' . 6 / ?  4 0  35.2 60 $0 SMP30 
9 L?VFP L E r T  4f ' f '  
= Y Y I  1" y x  = 5  ]?.6 19.0 1P.h 39  SM 31 
3 PTSHT r.irdP 
4FJX 1 v ?  I 9 3 Y y I  -1r )  2 7 1  ? n o F  p b  2.2  PD ?.P X Y  - 2  O/? 1 . 4  YX = 7  -1113 Z X  St.1 32 
* ? ? b h / -  ? O  " ] . I !  SM 3 3  
9 L t F T  H A N E  
= Y Y I  I n  Y X  = ?  1 1 1 7  8" SM 3 4  
3 I-IEf: I S P H E R I C A L  CAP 
4 N T R N S  1 S 3 A R Y  -1 0 / 3  1 9/3 -1 T X  0 T Y  -36 T Z  0 99 MAN FlODtL T P A N  SI- ORMAT I O N  

+ 2 4  2 5  x x  r? 1 017 y x r ! r i o  c! 2.5 P 0 2 5  Z X  4 2 1 ?  C 1 4 2  0 1 4 2  S ?  T C  Oz' 
9 C Y L I N D C R  V A C U U M  
4MVX 2 2  N X  2 N X Q  1 K Q  2 'T?Rt iX  0 ZZI 0 XX = 4  1 014 Y X  = 5  1 0 0 2 4  ZX = 3  .- 
* 4 2 / 7  0 1 0 7.') 
0 C Y L I N D E P  A L U t r 1 N I U F l  P L O C E  
4 M V X  2 3 = R H X  6 . 8 q C h 6  Y X  - 6  2'1 P A  2 5  $7  
0 COP4 I C A L  V A C U U M  
3 Y X  = 8  2 4  $ 0  
4F!?/x 3 N X O  1 KO 3 S = E H X  7 P? 1 Y Y I  I? Z Z I  -5n  Z X  - 6 6 1 3  - 3  0 -1  -42  R A  2 4  
9 C O N  I C A L  A L U M  I NU!! BLOCK 
4 M V X  4 S = R t t X  6.85566 R f l  2 5  YX - 0  2 5  ZX -67.4242/3 S Q  T C  06 

4F.lVX 5 N X  2 N X Q  2 K 3  2 2 N T R N 5  -1 F 3 P H X  6 .85546  R A  1 2  14 X X I  0 Y Y I  0 2.21 

"0 14 2 9  
'P4VX @ $ 9  
PI11 X Y Z PIH NV YIFIP NTPVIS A R Y  TX T Y  TZ 
5 K I N D  1" T F S T  CA' iF.  Y Pof' 
G N T R N S  -1 NH 1 3 0  N V  -1 B=X 0 1 3  Y -65 65 -65 2 7012 -70 $9 
SKIN0 10 TEST C A S E .  Y = 36.0 
= X  -30 30 -30 Y 3613 Z 7 0 1 2  -70 59 
'NH 0 B Q  
0 

LMVX 1 rdx 1 N X Q  2 KCI 1 1 ~ ~ 3 ~ t - 1 ~  6.85546 X X I  o Y Y I  o ZZI 66.5 R A  24 25 PR T C  01 

3 C Y L I N D R I C A L  C O V N E C T D R  

13 XX 0 1 r) 0 1 n /7  Y X  361q - 3 6 1 3  0 1 0 0 1 0 Z X  0 C 1 0 0 1 0  0 12 0 
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GEOMETRY T E S T  PROGRAM 

OUTPUT LISTING 



8 
8 

.es, C . E .  1 - 0.0 

...... .... ... 

_.. ... .. L. ... ... _.. .. 
Y u ... ... ... ._ 

Y .. 

R.. CAP. . - ".* .- ...................... "0- 

.. ... 
L .. .-. 

ec F C  

IFL 

..I 

Le* 

CEE L C r  .. ... cce e L C  

If,-' C I L F  ..... 
Lrrlerr,-Cr 1.1 

.E', C . Y .  s - 0.0 

*.- .LOLL "..C",.L *". .De*S,r.. "*<e ........... 
,a. ,_..e."" .I 

.-... .. 
Y m . " m  

113 



_ .... .... .... .... _____-----p_--- 

.- ......- - .... .... - .... .... ... .... 
yY ___ .... .... 
.. 

~ 

... ... _- 

.... .... __ . ~_ - .... ... 
.... .... 

.~ .... -- ". __ ~_._.... .~___ 
.". .... - ... 

Y. ._. .... .... ... ..---Y..- .... ... ... .... 
I .... - - ... .... ... 

... .." .... ... " -  . ........ -. .... 

114 
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DOSE P R O G R A M  

I N P U T  DATA LISTING 
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I 



a 
n 
nl 
3 
Q 

Z 
0 

116 



1 
I 
I 
1 
8 
I 
8 
I 
I 
I 
I 
8 
I 
8 
8 

DOSE PROGRAM 

OUTPUT LISTING 
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c 
U 

m m  m m  m m  
0 0 0 0 0 0 0  

0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
+ + + + + + +  
0 0 0 0 0 0 0  

w o o o o o o o  
r lnanl l) lnoU70 

b b f - b b b a  
m m  o m 0 0  

4 d d d d d d  

0 0 0 0 0 0 0  
0 0 0 0 0 0 0  + + + + + + +  
0 0 0 0 0 0 0  

L l o o o o o o o  
L l o o o o o o o  

0 0 0 0 0 0 0  
m m m * o o m  

4 d d d w w w  

0 9 9 0 9 r O r O  
0 0 0 0 0 0 0  
I 1 1 1 1 1 1  
0 0 0 0 0 0 0  

0 0 0 0 0 0 0 b  
QIQOIOIDCUN 

a o o o o o o m  

118 



. 
< 
0 - 
I 

c 
< 
c 
A 
0 

c c 
0, 
0 

c 
U 0 

I 2 
-1 

In * 
0 

N 
0 0 

z 
2 
c 
< " 
3 
0 

d 
I- 
O 
I- 
I 

< c 
n 

0 

0 
N 

I 
2 
0 

In 
I 

- 
n - 
m 
a < a 

W 

< 
U 

c 
W c 

e o ~ e a e e o  
O O O O O O O N  
* * * * * + * I  
m o o c c a n o  

- D O O N - U - O  
- - D N O C O c O  
- 0 c - e n - 0 0  I - b e m a m a 0  

O N N N N N N O  
I 

. . . . . . . . 
c ~ m m * r n o  
0 0 0 0 0 0 0 0  - * * * * * * * *  

- 0 0 0 0 0 0 0 0  
- C O - O Q ~ Q ~  
- m m ~ i m m o e  
s * m n m - n m ~  
n o n c n o ~ n -  

n n ~ - n - a n  
. . . . . . . . 
o o o S i O S 0  * * * * * * * *  
0 0 0 0 0 0 0 0  

- 0 0 0 0 0 0 0 0  
- 0 0 0 0 0 0 0 0  
- 0 0 0 0 0 0 0 0  
w o o o m o o o a  

0 
0 
0 

0 
(Y 

I 

0 
r( 

W 
J 
3 0  o n  
8 C ; E  

w z  

0 N  
e n  
Y 

a 
I n w  m 
* * a  w o s  
w z  
I - A  
E <  u -  

O C  
z .< 
-.I 

- 0 1  
a o u  

$ E  
!!!'E 
c c  
u u  

w o u  o x o  

* 

f 

z 
f! 
n 

m 

n 
I \ 

0 < 
I 

0 * 
0 

9 . 
0 

- 
n 

I 

W Y) 

0 
0 

A 
I- 
0 c 

- 
a 
0 c 

!! 
u 
0 

U 

d 
< 
0 

A 
0 in 

z 
0 

c 
U < 
L 
Y 

c 
B 

W 

0 

-1 

c 
I 

n 

- 

m 

- 
n 

O U  
O A  * u  
e <  
N 
. O  

m z  

a -  
d 

O Z  
0 0  * -  
c c  
- u  r <  
- Y  
. a  

c 
1 

o w  

0 0  

. J  - <  

+ m  
n o  
a - 

o u  
O A  * e  
c z  
#I< rn 

. O  r -  
d 

O Z  
0 0  * -  
-I- 
O U  * <  
.I - *  
c 
1 

o u  
- 0  
0 0  

* A  r <  

c 

- 
+ m  

r - 
0 0  
o w  o w  
+ n  + n  n o  e o  2 0  f "  

- 0  
0 0  

?!; 

c a  m o  
m a  
.. 
0 0  
0 0  * *  
- l Y  
Q O  - a  .. - -  
0 -  
0 0  + *  
C N  

0 0  
m e  .. -- 

c c c  
2 s : 5  a n a n  

0 0 0  0 0  0 0  0 0  
0 0 0  0 0  0 0  0 0  a .  .a. .a. .a. .a .. 

- 0 0 - 0 0 - 0 0 - 0 0 - 0 0  

< - <  - <  - <  - <  
N O N N ~ N O O N Q N - I ~ O  

0 0 0  0 0  0 0  0 0  
0 0 0  0 0  0 0  0 0  < ..e. .<.  .<..e .. d o q $ x ~ z q g s g g s q  

0 
0 
0 

I 
- 
n 

0 w 

w o  

a'!;;  
oacy 

m 

w a  

x n  
c -  
Y 

A I W  
Q 

I O 1  > >  
Z Z  
W a d  o <  
0 -  

< w  c 
z .< 
- 0 1  

0 0  c c  
u u  

wolu 
O X O  

m u  

a a  

z 
El 
n - 
I \ 

0 

a - 
0 

0 
a 
n 

I 

W 

0 

A 
c 
0 c 

n 

N 

a 
0 c 
U 

W 
E 

W 
A u 
z 

0 

-1 

n 

z 
0 

c 
U < 

Y 

c 

W 

0 
0 

J 

- 
- 
a 

- 
c 
a 
n 

O W  

- 2  
:d 

;= 
:: 

m e  

A 

0 2  
0 0  * -  
N U  e *  
- u  

I- 

a +  

. a  

0 
o w  
* ) O  
N O  

.-1 * <  
c 

+ n  

-. 

I 

a 
n 

0 0 
a. .a 
- 0 0 -  

< - <  .I m w  

O W  
O A  * I3  
- 2  

. O  0 -  

a <  

d 

2: 
O Z  

m e  
m a  
* a  
o u  

- L  

c 
1 

0 
o w  
0 0  
0 0  

* A  n <  

+ n  

" 
c 

o w  
O A  * u  
Q Z  

. O  

n e  -- 
d 

:z O Z  

c c  

.U - u  

c m 
0 
o w  

0 0  e 
.A - <  

m u  
e <  

* n  
a o  

- 

- u  
O A  I O  

0 <  

. O  e -  

n z  - 
d 

:E 
o z  

c c  
D U  * <  
- *  
c 

. a  

- 
O W  

- 0  

* A  e <  

i n  
n o  - 
I 
c 

- 0  
0 0  
I *  N C  

2: .. 
a m  

0 0  
0 0  * *  
c c  o n  
n r  .. - -  
- 0  
0 0  
1 -  - 0  
~m 
0 0  

e m  
.. 

0 0 0  0 0  a 0  a 0  

0 
0 0 

0 
N 
I 

w 
0 
w 

W 
A 
0 0  
o m  
2:;; 

2 ' 2  
c c N  
I O  

8 
L 

I wu Q 
U O S  

w z  
c - 1  
I <  

* * a  

2 - z  
a o w  

O C  z .a 
- * I  
0 0  
0 0  c c  i " ;  
w o u  
o x o  
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D E T E C T O R  3 T O T A L  C C S E  - 3.848+01 H A D S / M I S S I O N  * * * i t *  

P O L  A 

0. 
lRO.00 
P O L A  
20.00 
160.00 
P O L A  
40.00 
140oGO 
P O L A  
60.00 
120.00 
P O L A  
80.00 
100.00 

A Z I V  P A R T I A L  COS€ 
0. 

180 000 10466+01 
A Z I V  F A R T I A L  COS€ 
20.00 
160.00 8.532+00 
A Z I Y  P A R T I A L  COS€ 
40.00 
140.00 3*732+00 
A Z I W  F A R T I A L  DOSE 
6 0  -00 
120.00 

€30.00 

9 44 1-0 1 
A Z I V  P A R T I A L  DOSE 

400.00 3.639+00 
2 039+01 

U T .  F R A C T I O N  

10167+00 
WT. F R A C T I O N  

10047+00 
WT. F R A C T I O N  

1 *010+GO 
WT. F R A C T I O N  

8 2 38-0 1 
WT. F R A C T I O N  

20226+00 
10806+00 

S O L I D  A N G L E  

6.249+00 
S O L I D  A N G L E  

40 051 +00 
S O L I D  A N G L E  

1.037tOO 
S O L I D  A N G L E  

5.697-01 
S O L I D  A N G L E  

8.127-01 
5.61 1 t o 0  

D E T E C T O R  Ih ACOOWEN - R I G H T  MODULE. 
XD = 0. Y O  = -36.000 ZD = 1.000 
D E T E C T O R  M A T E G I A L  NUMBER IS 221 

D E T E C T O R  4 T O T A L  C C S E  - 1.304+01 H A D S / M I S S I O N  * * * * *  

P O L A  
0. 

180.00 
P O L  A 
20.00 
160.00 
P O L A  
40.00 

1 4 0 0 0 0  
P O L  A 
60.00 
120.00 
P O L A  

8 0 . 0 0  
100.00 

A L I W  F A R T I A L  COSE 
0. 

180.00 5.898+00 
A L I V  F A R T I A L  C O S E  
20.00 
160.00 3.424+00 
A L I Y  P A R T I A L  OOSE 
40.00 
140.00 1.929+00 
A Z I W  P A R T I A L  C O S E  
60.00 
120.00 3.942-01 
A Z I P  P A R T I A L  DOSE 

8 0 . 0 0  
400.00 1.56!?i+OO 

5.923+00 

WTm F R A C T I O N  

1 .480+00 
WT. F R A C T I O N  

1*369+00 
WT. F R A C T I O N  

1.296+00 
WT. F R A C T I G N  

8.61 1-01 
WT. F R A C T I O N  

10764+00 
1.591+00 

S O L I D  A N G L E  

6.015+00 
S O L I D  A N G L E  

3*775+CO 
S O L I D  A N G L E  

20246+00 
S O L I D  A N G L E  

6,909-01 
S O L I D  A N G L E  

1 .339+00 
50619+00 

T H E  F O L L C W I ~ G  ( C A R C / C A R D S )  ( I S I A R E )  I N  ERROR. 

' N O  - 1  89 
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MISSION FLUX PROGRAM 

INPUT D A T A  LISTING 

121 



. 
v-l 

r - i  

I 

. 
r- 

I 

122 

. 
4 

LL . w n o o o o w W  

. 
d 

. 
c: 

I- N C )  . 
0 . 

LJ 
I- 
3 
-.t . .‘- 



i 

MISSION F L U X  PROGRAM 

OUTPUT LISTING 

123 



T 
0. 
1.2 [)to2 
2.545+02 
3.818+02 
5.0 9 O t  0 2 
6.36 3+0 2 
7.635tOL 
8.YO8t02 
l.OlHtO3 
1.143+03 
1.273+03 
1.400+03 
1.527+03 
1.654t03 
1.182+03 
l.Y09+03 
2.036+03 
2.163+0 3 
L.2Y1+03 
2.418t03 
2.545+0 3 
2.6 12tO 3 
L.800+03 
2. 4&7+03 
3.054tO 3 
5.181+03 
3.3bYt09 
3.4 3 o t 0 3  
3 .  563+0 3 
3.6') 0 t 0 3 
3.8 l8t03 
3. '34 5+ 0 3 
4.07 Z+O 3 
4.199t33 
4.327+03 
4.454+03 
4.38 l + O  3 
4.708 t 0 3  
4-13 3 b +  0 3 
4.903+03 
5.0 I o t a  3 
3.21 7 + O 3  
5.345+0 3 
5.472tOj 
5.594t05 
5.72bt~3 
5.b54+03 
3. ~I1lt03 
6.1UdtO3 

X I T I  
3.448-08 

-1.065-02 
-2.OIR-02 
-2.990-02 
-3.752-02 
-4.321-02 
-4.660-02 
-4.735-02 
-4.524-02 
-4.009-02 
-3.183-02 
-2 -047-02 
-6.117-03 
1.103-02 
3 . 0 70- 0 2 
5.250-02 
1.600-02 

Y I T )  
1.157tOil 
1.148+00 
1.120+00 
1.014+00 
1.0 10+00 
9.307-01 
8.36O-Ul 
7.280-01 
6.083-0 1 
4.789-01 
3.4 2 0- 0 1 
1 0 9 9-0 1 
5.4 7 1-02 

-9.102-02 
-2.350-01 
-3.747-01 
-5.081-01 

1.007-0 
1.260-0 
1.512-0 
1.758-0 
1.991-0 
2.204-0 
2.330-0 
2.544-0 
2.6 5Y-0 
2.730-0 
2 752-0 
7.723-0 
2.639-0 
2.499-0 

- 6.32 9- 01 
-7.471-01 
- 8.489- 0 1 
-9.366-01 
-1.009+00 - 1.065tOO - 1.103+00 
- 1.123+00 
-1.125+00 
- 1.109+00 - 1.0 7 5 t O O  - 1.024+00 
-9.569-01 
-8.744-01 

2.303-01 
2.050-01 
I.. 144-0 1 
1.387-01 
C).O36-02 
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